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DEPARTMENT OF HEALTH, 
EDUCATION, AND WELFARE 


National Institutes of Health 
RECOMBINANT DNA RESEARCH 
Proposed Revised Guidelines 


STATEMENT BY JOSEPH A. CALIFANO, JYF., 
SECRETARY OF HEALTH, EDUCATION, 
AND WELFARE 


The Director of the National Insti- 
tutes of Health is publishing proposed 
revisions to the NIH guidelines on re- 
search involving recombinant DNA 
molecules. 

The original guidelines are being up- 
dated in light of NIH’s experience op- 
erating under them and in light of our 
increasing knowledge about the poten- 
tial risks and benefits of this research 
technique. As experience accumulates, 
we should review and evaluate the evi- 
dence to assure that the restrictions 
imposed are appropriate to potential 
risks—strengthening restrictions 
where needed, relaxing regulation 
where justified. 

In publishing these proposals for 
public comment, I recognize the ex- 
traordinarily difficult challenge that 
developing sensitive but effective regu- 
lations in this field poses for NIH, for 
the research community, and for the 
concerned public. 

Necessarily, this task poses difficult 
questions that we will never be able to 
answer with complete certainty. I 
hope that those concerned will ana- 
lyze the proposed revisions with care 
and give us their views on the strength 
of the evidence that supports the pro- 
posed revisions, the specific scientific 
and research containment procedures 
that the proposed revisions require, 
and the procedures and the standards 
they establish for future changes in 
the guidelines and for the exercise of 
discretion under them. 

We particularly seek comment on 
the sections in the proposed revisions 
that establish the mechanisms for ad- 
ministering and revising the guide- 
lines. For example, do the proposed re- 
visions strike the proper balance in es- 
tablishing: 

The procedures for permitting oth- 
erwise prohibited experiments and for 
exempting classes of research from 
the guidelines; 

The standards for the exercise of ad- 
ministrative discretion under the 
guidelines; 

The composition of the Depart- 
ment’s Recombinant DNA Advisory 
Committee and of the institutional 
biohazard committees. 

To review the comments on the pro- 
posed revisions, I am establishing a de- 
partmental review committee, consist- 
ing of Mr. Peter Libassi, the Depart- 
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ment’s General Counsel (Chairper- 
son); Dr. Donald Fredrickson, the Di- 
rector of NIH (Vice-Chairperson); Dr. 
Julius Richmond, Assistant Secretary 
for Health; and Dr. Henry Aaron, As- 
sistant Secretary for Planning and 
Evaluation. 

I have asked this committee to hold 
a public hearing to insure full and 
complete opportunity for comment. In 
order to hold this hearing and to issue 
the revised guidelines on a reasonably 
prompt schedule, no extension of the 
60-day period for public comment will 
be possible. 

In preparing these revisions, the Na- 
tional Institutes of Health have al- 
ready held 19 hours of public hearings 
and have received continual advice 
from the scientific community and 
from the public. I want this open proc- 
ess to continue. I urge those concerned 
to help us find the proper balance by 
providing us with their comments on 
NIH’s proposed revisions. 


Dated: July 19, 1978. 


JOSEPH A. CALIFANO, Jr., 
Secretary. 


DEPARTMENT OF HEALTH, EDUCATION, 
AND WELFARE 


NATIONAL INSTITUTES OF HEALTH 
RECOMBINANT DNA RESEARCH 
PROPOSED REVISED GUIDELINES—NIH 


This will introduce three related 
documents that the National Insti- 
tutes of Health (NIH) is publishing for 
public comment: (1) a Decision of the 
Director, NIH, to publish revised NIH 
guidelines for research involving re- 
combinant DNA molecules, (2) the 
Proposed Revised Guidelines—NIH, 
and (3) an Environmental Impact As- 
sessment of the proposed action. The 
Secretary of Health, Education, and 
Welfare has approved the release of 


_these documents for public comment. 


As stated in the Secretary’s preface, 
we are particularly concerned that 
public comment be invited on the sci- 
entific and procedural aspects of the 
proposed guidelines. A public hearing 
on these proposed revisions will be 
held in late September at the Hubert 
H. Humphrey Building, Washington, 
D.C. All comments received on or 
before September 25, 1978, will be con- 
sidered, and no extension of the com- 
ment period will be granted. Within 45 
days after the comment period, final 
guidelines will be promulgated with a 
notice in the FEDERAL REGISTER. 

The events leading to the proposed 
revisions are described in the “Intro- 
duction and Overview” to the Decision 
and in the “Foreword” to the Assess- 
ment. This preface will orient the 
reader to other NIH documents that 
are directly related to the present pub- 
lications. One is the current Recom- 
binant DNA Research Guidelines, ef- 


-tants heard 


fective since June 23, 1976 (published 
in the FEDERAL REGISTER, July 7, 1976). 
Another is the Environmental Impact 


‘Statement (EIS) on those guidelines, 


published in 1977. The EIS, which 
contains a copy of the guidelines, is 
available from the Government Print- 
ing Office (stock No. 017-040-00413-3) 
and in GPO depository libraries 
throughout the country. A third relat- 
ed document is Proposed Revised 
Guidelines on Recombinant DNA Re- 
search, which the NIH Recombinant 
DNA Advisory Committee (RAC) rec- 
ommended to the NIH Director on 
September 1, 1977. The RAC proposal 
was published in the FEDERAL REGIS- 
TER, September 27, 1977, for public 
comment. 

The RAC-proposed revisions were 
discussed at a public meeting of the 
Advisory Committee to the Director 
(DAC), held at NIH on December 15- 
16, 1977. The DAC and special consul- 
witnesses from environ- 
mental groups, the scientific communi- 
ty, industry, etc. All correspondence 
from the public in response in the Fep- 
ERAL REGISTER publication was availa- 
ble to those present and will be pub- 
lished, with the transcript of the meet- 
ing and other documents, as part of a 
continuing public record of NIH activi- 
ties concerning recombinant DNA. 
The Director, NIH, acting in light of 
the 2-day discussion, all commentaries, 
and the DAC’s recommendations, has 
arrived at the present proposal—the 
Proposed Revised Guidelines (NIH)— 
and offers it for public review. 

The current (1976) guidelines con- 
tain an appendix entitled “Supplemen- 
tary Information on Physical Contain- 
ment.” This has been omitted from 
the present proposed guidelines but, in 
revised and expanded form, will be 
available on request as “Laboratory 
Safety Monograph—A Supplement to 
the NIH Guidelines for Recombinant 
DNA Research.” For a copy, write to 
the Office of Recombinant DNA Activ- 
ities, Building 31, Room 4A52, Nation- 
al Institutes of Health, Bethesda, Md. 
20014. : 

The Environmental Impact Assess- 
ment is based on an intensive analysis 
of the current guidelines, the RAC- 
proposed alternative, and the present 
NIH alternative. The conclusion of 
this analysis is that there would be no 
adverse impact of the NIH-proposed 
changes upon the environment. 

The guidelines as presently proposed 
are designed to discharge the continu- 
ing obligation of NIH to insure that 
recombinant DNA research goes for- 
ward under standards of safety reflect- 
ing the latest scientific knowledge, so 
that the public and the environment 
are protected from any hazards while 
deriving the full benefits of the recom- 
binant DNA technique. 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





Written comments and inquiries con- 
cerning the Proposed Revised Guide- 
lines should be addressed to the Direc- 
tor, National Institutes of Health, Be- 
thesda, Md. 20014. All comments re- 
ceived will be available for public in- 
spection at the Director’s office on 
weekdays (Federal holidays excepted) 
between the hours of 8:30 a.m. and 5 
p.m. 


Dated: July 19, 1978. 


DONALD S. FREDRICKSON, 
: Director, 
National Institutes of Health. 


DECISION OF THE DIRECTOR, NATIONAL 
INSTITUTES OF HEALTH, To ISSUE RE- 
VISED GUIDELINES FOR RECOMBINANT 
DNA RESEARCH 


JULY 19, 1978. 
CONTENTS 


Introduction and overview. 
Scope and applicability of guide- 
lines. 
Containment. 
Containment guidelines for covered 
experiments. 
Roles and responsibilities. 
Organization of document and ab- 
breviations used. 
I. Scope of the guidelines. 
Review of RAC proposed guidelines. 
Review of comments and NIH pro- 
posed guidelines. 
II. Containment. 
Physical containment. 
Review of RAC proposed guide- 
lines. 
Review of comments and NIH pro- 
posed guidelines. 
Biological containment. 
Review of RAC proposed guide- 
lines. 
Review of comments and NIH pro- 
posed guidelines. 
III. Containment guidelines for cov- 
ered experiments. 
Review of RAC proposed guidelines. 
Review of comments and NIH pro- 
posed guidelines (general). 
Specific considerations. 
IV. Roles and responsibilities. 
Review of RAC proposed guidelines. 
Review of comments and NIH pro- 
posed guidelines. 


INTRODUCTION AND OVERVIEW 


Today, with the concurrence of the 
Secretary of Health, Education, and 
Welfare, and the Assistant Secretary 
for Health, I am proposing revisions to 
the NIH Guidelines for Recombinant 
DNA Research.(1) These Guidelines 
were first issued on June 23, 1976. The 
proposed revisions result from a con- 
tinuing process of scientific and public 
exchange similar to that of the 1976 
edition. This overview sketches the 
background for proposed revisions and 
summarizes the proposed changes. It 
references accompanying documents 
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and other pertinent sources of infor- 
mation. 

The probable risks and benefits of 
recombinant DNA research—the 
larger subject of which the NIH 
Guidelines are a part—have been dis- 
cussed in numerous forums since first 
addressed in 1973.(2) Congress has 
held multiple hearings on related 
issues, including proposals to convert 
the Guidelines to Federal regula- 
tions(3) and redefine recombinant 
DNA research to narrow the range of 
experiments subject to regulations. 
Early in 1977 the NIH Recombinant 
DNA Advisory Committee (RAC), the 
scientific and technical committee re- 
sponsible for proposing revisions to 
the Guidelines, began its task of iden- 
tifying changes needed in the Guide- 
lines and forwarded suggestions to me 
for consideration. In order that public 
comments could be heard on the RAC- 
proposed revisions, published in Sep- 
tember 1977,(4) a meeting of the Advi- 
sory Committee to the Director, NIH 
(DAC), the committee responsible for 
public oversight, was held in Decem- 
ber. The extensive record of this hear- 
ing bears witness to almost unanimous 
agreement that the original Guide- 
lines badly need updating, and sug- 
gests numerous directions in which re- 
visions might move.(5) 

Much of the discussion at the De- 
cember 1977 meeting of the DAC af- 
firmed the need for continuous reeva- 
luation of the scientific premises un- 
derlying the original Guidelines. Since 
Asilomar,(2) growing evidence has sug- 
gested that other experts ought to 
review the concerns of the molecular 
biologists who first raised questions 
about the safety of recombinant DNA 
research. Scrutiny from experts in in- 
fectious diseases, epidemiology, viro- 
logy, botany, ‘ecology, laboratory 
safety, and other disciplines has been 
needed. NIH sponsored a workshop for 
this purpose at Falmouth, Mass., 6 
months before the DAC meeting. 
Here, old and new information about 
E. coli K-12—the host most used in re- 
combinant DNA experiments—was in- 
terpreted carefully. From this came a 
consensus that the chances of this 


‘ host being convertible to an epidemic 


pathogen are negligible. 

Those attending the December DAC 
meeting also heard complaints that 
containment levels were set too strin- 
gently for recombinant DNA work on 
viruses and plants. This applied both 
to the original Guidelines and to the 
revisions proposed in September 1977. 
A decision was made to address the 
issues through workshops without 
delay. 

One of these workshops, held at 
Ascot, England, dealt specifically with 
viruses.(7) Here, experts from several 
countries, most of whom had no stake 
in recombinant DNA _ experiments, 
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reached an unequivocal opinion that 
the risks of cloning viral DNA in a bac- 
terium like E. coli K-12 are not great- 
er, and are usually much less, than the 
risks of handling the parent virus 
alone. They also stressed that defec- 
tive viruses pose little risk of infection 
when used as vectors for cloning DNA 
in eukaryotic cells, since the cells 
cannot survive outside permissive labo- 
ratory conditions and the virus cannot 
escape in a viable form. A second 
working group, meeting in Bethes- 
da,(7) then reviewed the conclusions. 
It agreed that the original Guidelines 
imposed stricter containment on use 
of viral DNA or of viruses as vectors 
than could be justified by any availa- 
ble fact, and recommended changes. 

A group of agricultural scientists 
met in Washington, D.C., in March 
1978(8) to consider the containment 
conditions for incorporation of DNA 
from plant pathogens into E. coli K-12 
and for use of viral and other vectors 
in plants. An important concept dis- 
cussed at this workshop is the lack of 
evidence that E. coli K-12, or any 
other strain of-this bacterium, is capa- 
ble of acquiring an ecological niche in’ 
plants and thus infecting them. 

On April 27-28, 1978, the RAC con- 
sidered the recommendations concern- 
ing viruses and plants and agreed with 
most of them. With a few changes, 
they are a part of the proposed revi- 
sion. 

At the December 1977 hearings 
before the DAC, other aspects of the 
Guidelines evoked requests for revi- 
sions.(5) There was overwhelming sen- 
timent for exempting from the Guide- 
lines experiments involving recombin- 
ation of DNA within the same strains 
or from pairs of organisms that trans- 
fer genes in nature. Discretion to 
exempt such experiments is not pro- 
vided in the original Guidelines; nor 
does one find there the flexibility to 
permit other experiments for purposes 
of risk assessments needed to deter- 
mine the merits of particular stand- 
ards, or how these should be revised. 
Other criticisms of the Guidelines 
stressed the delays and confusion cre- 
ated by excessive centralization of ad- 
ministrative control, and it is evident 
that implementing procedures must be 
changed. 

Certain background elements merit 
comment. Shortly after the NIH 
Guidelines were published, the British 
guidelines appeared.(9) Subsequently 
other national guidelines have been 
issued, most recently those of the 
Soviet Union. Many international as- 
pects of DNA research and its regula- 
tion have been reviewed elsewhere.(9) 
The December 1977 DAC meeting di- 
rected attention to instances where 
the NIH Guidelines either exclude ex- 
periments that have been conducted 
abroad or make them far more diffi- 
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cult to do.(10) Moreover, factual bases 
for the greater stringency of the U.S. 
(NIH) Guidelines cannot be shown. 
Five years have passed since con- 
cerns were first raised about the hypo- 
thetical hazards of laboratory experi- 
ments with recombinant DNA. The 
thousands of individual applications of 
such techniques have produced much 
useful knowledge, but no evidence has 
come to light of a product created by 
these techniques that has been harm- 
ful to man or the environment. For- 
eign genes inserted into prokaryotic 
host-vector systems have been faith- 
fully replicated and produced in quan- 
tities valuable to science. On the other 
hand, prokaryotes generally have not 
been able to translate eukaryotic 
genes into biologically active proteins. 
No new facts or unconsidered older 
ones have emerged to support the 
fears of harmful effects, and one 
prominent early proponent of guide- 


lines has repudiated his support for ~ 


them.(11) At the least, there is grow- 
ing sentiment that the burden of 
proof is shifting toward those who 
would restrict recombinant DNA re- 
search.(12) 

Although clearly the time has come 
to revise the original NIH Guidelines 
for Recombinant DNA Research, it is 
not the time to conclude that they are 
being altered in preparation for their 
early abandonment. Understanding of 
gene regulation and expression is in- 
creasing inexorably and at an awe- 
some pace. We may predict that ways 
will be found to achieve and control 
the translation of foreign genes by a 
variety of hosts.(13) As the barriers to 
translation are dropped, some of the 
larger promise of recombinant tech- 
nology will be realized. In some pro- 
portion to the harvest of positive re- 
sults, a capability must be maintained 
for observing any capacity of these ex- 
periments to yield harmful products, 
and for communicating this to all who 
have an interest in similar experi- 
ments. 

In preparation for this next phase of 
recombinant DNA research, several 
shifts in NIH guidance are necessary. 
Experiments posing no threat to 
safety must be exempted from the 
Guidelines; and provisions must be 
made to remove others as soon as their 
harmlessaess becomes evident. Any 
universal rules imposed on this kind of 
activity derive validity from continual 
modification dictated by results of the 
experimentation they govern. 

Primary responsibility for comliance 
with the rules must be located where 

‘the work is done. There it must be 
shared fully by principal investigators, 
those who work in their laboratories, 
institutional biosafety committees, 
and the institutional leaders. The NIH 
Office of Recombinant DNA Activities 
(ORDA) should be relieved of its 
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burden of obligatory prior approval of 
certain experiments, so that it can 
better carry out, along with the RAC, 
two central functions. These are the 
continuing synthesis and interpreta- 
tion of the Guidelines, and the main- 
tenance of full communication among 
all who must use them. 

To recapitulate, these new proposed 
Guidelines arose from a proposal 
made to me by the RAC in September 
1977. Numerous amendments have 
been made on the basis of public com- 
ments received at the December 1977 
hearing, in extensive correspondence 
before and after that, and recommen- 
dations of special expert workshops 
whose reports were then assessed by 
the RAC in April 1978. The proposal 
and the amendments have been the 
products of long and intense participa- 
tion by numerous persons represent- 
ing many points of view. I now summa- 
rize the more important proposed 
changes. The basis for decision on 
each element of revision is provided in 
detail in subsequent sections of this 
document. 


SCOPE AND APPLICABILITY OF THE 
GUIDELINES 


Recombinant DNA containing syn- 
thetic sequences is now explicitly part 
of the definition of what is included 
under the Guidelines. The standards 
of the Guidelines now apply to all re- 
combinant DNA experiments conduct- 
ed in an institution that receives any 
support from NIH for recombinant 
DNA research. This includes a regis- 
tration requirement. 

The original Guidelines contain a 
number of prohibited experiments. 
There was little sentiment for the re- 
moval of all the original prohibitions— 
although it has been noted that the 
U.S. (NIH) Guidelines are the only na- 
tional guidelines to stipulate “‘prohib- 
ited” activities. The original prohibi- 
tions, with one modification and a nec- 
essary “flexibility” clause,(1¢) are 
therefore retained in the proposed re- 
vision. They immediately precede a 
new section called “Exemptions’—a 
juxtaposition chosen to emphasize 
that the prohibitions still override. 

The first exemption from the guide- 
lines covers the handling of DNA out- 
side a host organism or virus. Such 
“naked DNA” has been handled in lab- 
oratories for years and is rapidly inac- 
tivated in nature. . 

The exempted experiments of the 
second class consist essentially in rear- 
ranging, or deleting from, molecules of 
nonchromosomal or viral DNA. No for- 
eign DNA is involved. An example 
would be the introduction of a DNA 
molecule formed from pieces of SV40 
virus into eukaryotic cells in tissue cul- 
ture. Since there is little if any basis 
for presuming such “rearrangement” 


or “deletion” experiments to be haz- 
ardous, they are now excluded. 

A third class of exemptions are ex- 
periments called ‘“self-cloning,” in 
which DNA found naturally in a host 
may be reinserted into that host. 
These are reproductions in the labora- 
tory of events that occur in nature. 

Similarly, provision is made in the 
proposed guidelines for exemption of a 
fourth class of experiments that in- 
volve donor-host pairs that normally 
exchange DNA. Such genetic ex- 
change is known to occur widely be- 
tween various species of bacteria and 
is generally mediated by certain plas- 
mids or viruses. Experimental recom- 
binations of this type are only an imi- 
tation of what nature is able to accom- 
plish handily in the absence of Feder- 
al regulation. A list of donor-host pairs 
to be exempted is begun in this revi- 
sion and will be expanded periodically 
as knowledge grows. The initial choice 
from several possible lists submitted to 
me by the RAC is a conservative one, 
restricted to pairs of organisms for 
which there is,documented evidence of 
natural exchange. 

Finally, a fifth exemption is pro- 
vided for removal of other recombina- 
tions when they are shown to be safe. 
The last two exemptions create some 
of the discretionary power for modify- 
ing the guidelines that was so lacking 
in the original. Provision will be made 
for public input to such decisions, 
either by announcement of proposed 
exemptions prior to consideration by 
the RAC or before a decision by the 
Director becomes effective. 


CONTAINMENT 


I have made one decision that will 
not be regarded with equal pleasure by 
all engaged in recombinant DNA re- 
search. P1 containment previously per- 
mitted mouth pipetting. In accord 
with a previous recommendation by 
the European Molecular Biology Orga- 
nization (EMBO), its virus Working 
Group strongly recommended prohib- 
iting this practice; and so did NIH 
safety advisors. The RAC at its meet- 
ing on April 27-28, 1978,-recommended 
that mouth pipetting be prohibited 
only for those Pl recombinant DNA 
experiments involving viral DNA. 
Rather than create two separate 
classes of P1, and in recognition of the 
present availability of excellent me- 
chanical devices for pipetting, I am 
proposing that mouth pipetting no 
longer be permitted in Pl contain- 
ment. Since it is already prohibited in 
P2-P4 containment, this bans the use 
of mouth pipetting for any experiment 
covered by the Guidelines. 


CONTAINMENT GUIDELINES FOR COVERED 
EXPERIMENTS 


The recommendations of the RAC, 
arising from the Ascot-Bethesda work- 
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shops, represent the first realistic ap- 
praisal of any. hazards that might lie 
in the use of viral vectors or the clon- 
ing of viral DNA. Recombinant tech- 
niques offer access to ares of viral biol- 
ogy that are vitally important. Such 
studies should not be impeded unnec- 
essarily. I have accepted the April 
1978 recommendations of the RAC in 
this area with minor amendments. 
The revised guidelines emphasize the 
current dictum that any hazards of 
working with viruses in recombinant 
DNA experiments are maximal at the 
first stage, when the virus itself with 
its full genomic complement is han- 
dled. 

The RAC unanimously approved 
modest changes in containment for 
plant experiments. I have also ap- 
proved them provisionally, contingent 
upon concurrence by the Department 
of Agriculture. 

A new sentence has been added to 
the guidelines giving much needed 
flexibility in the setting of contain- 
ment levels.(15) 


ROLES AND RESPONSIBILITIES 


Two years’ experience with the 
guidelines has offered valuable tute- 
lage in the limits of external (Federal) 
control of laboratory experimentation. 
Scientists and their co-workers have 
long experimented with pathogenic or- 
ganisms, poisonous plants and ani- 
mals, and hazardous chemicals. The 
laboratory is not among the more no- 
torious occupational settings for acci- 
dents or illness, and damage to com- 
munity or environment by basic labo- 
ratory research is almost unknown. 
Control over the use of radioisotopes 
in the laboratory, long a Federal pre- 
serve, is not comparable to use of re- 
combinant DNA techniques; for the 
risks of using radioisotopes are calcu- 
lable and mistakes are easily meas- 
ured. Thus realistic and durable stand- 
ards can be set. Without a base for the 
setting of such standards, convention- 
al regulation is difficult at best, and at 
worst can be preposterous. 

In the case of recombinant DNA 
technology, we are in the midst of a 
search for any risks, and thus for ap- 
plicable standards. The scientists who 
raised the possibility of risks also real- 
ized that the only effective safeguards 
lay in a maximum enhancement of the 
collective nature of the scientific proc- 
ess. The usual communications net- 
works of science had to be augmented 
and the evaluation of results and the 
reaching of consensus accelerated. 
These actions, is was reasoned, would 
help establish a set of initial rules, and 
there was the added assumption that 
they could and should be kept up to 
date. All using the new techniques 
would sign a “memorandum of under- 
standing” to the effect that, until 
things became clearer, the basic com- 
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munality of scientific inquiry would be 
especially emphasized in any work 
with recombinant DNA techniques. 

The power of the Government fo re- 
quire such discipline of its grantees 
was an attractive reason for the scien- 
tists to request Federal intervention. 
And the Federal capacity to achieve 
the essential communication and con- 
sensus-building has been one of the 
most positive results of this experi- 
ment in adminstration. But the price 
of Fedeal intervention includes a 
heavy tax of formalism. In the in- 
stance of these guidelines, diverse 
pressures have made difficult the ap- 
propriate balancing of substance and 
procedure. I have already alluded to 
one of the undesirable results—a chill- 
ing inflexibility of the original guide- 
lines—and its proposed correction by 
revision. 

Prior NIH clearance is mandatory 
for new NIH grants and contracts in- 
volving recombinant DNA techniques 
and for all projects in P4 facilities. In 
the proposed revised guidelines, prior 
NIH clearance is no longer required 
for changes at the P1-P3 levels. These 
changes must be approved by the in- 
stitutional biosafety committee (IBC), 
and NIH will then review the IBC ac- 
tions. This proposal reverses an Octo- 
ber 1977 issuance stating that changes 
in ongoing projects require prior NIH 
clearance. The requirement resulted in 
numerous delays in projects which 
could not be justified on grounds of 
safety. 

The proposed guidelines would 
strengthen institutional responsibil- 
ities and authorities in determining 
compliance. A full partnership with all 
investigators and their institutions is 
intended. The role of the IBC is par- 
ticularly enhanced through delegation 
of some discretionary powers that 
were previously reserved for NIH and 
the RAC. To better meet these obliga- 
tions, an institution using P3 or P4 
containmen is required under the pro- 
posed guidelines to have a qualified bi- 
logical safety officer. 

Experience gained in the past 5 
years in explaining recombinant DNA 
technology has shown how valuable 
can be a community’s activities. At 
least one member of the IBC is to be a 
“public member’’—i.e., one who has no 
financial connection with the institu- 
tion. Further, to ensure opportunity 
for public particiation at the national 
level, procedural are set forth, as ex- 
plained in Part IV of the decision, that 
provide public notice and solicit com- 
ment on the major actions of NIAH. 

Another stipulation of the revised 
guidelines is that failure of compliance 
can lead to suspension of NIH support 
for recombinant DNA research.(16) 

Provision is now made for the pri- 
vate sector to register: voluntarily its 
recombinant DNA activities with NIH. 
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Also, other consulting services, includ- 
ing certification of host-vector sys- 
tems, will be provided. The service will 
be accompanied by protection of pro- 
prietary data as mandated by law. 

NIH issued a draft environmental 
impact statement on the guidelines in 
September 1976. This was revised after 
public comment and issued in final 
form in October 1977. It concluded 
that the activities covered by the 
guidelines had no predictable impact 
on the environment, since all the risks 
discussed were hypothetical. The EIS 
was examined by a Federal district 
court in 1978.(17) 

In parallel with the process of revis- 
ing the guidelines, NIH has conducted 
an environmental impact assessment, 
including an analysis of how current 
experiments supported by NIH will be 
affected by this revision. Again, the 
activities covered by the revised guide- 
lines deal only with hypothetical risks, 
and thus the assessment reveals no 
predictable impact on the environ- 
ment. Its content is published here- 
with in a companion document. 


ORGANIZATION OF THE REMAINDER OF 
THIS DOCUMENT AND ABBREVIATIONS USED 


The Recombinant DNA Molecule 
Program Advisory Committee is som- 
netimes referred to below as the Re- 
combinant DNA Advisory Committee 
or Recombinant Advisory Committee 
or RAC. 

The meeting of the Advisory Com- 
mittee to the Director, NIH, which 
took place in December 1977 is some- 
times referred to below as the meeting 
of the Director’s Advisory Committee 
or of the DAC or the December 1977 
public hearing. 

The “NIH Guidelines for Research 
Involving Recombinant DNA Mole- 
cules” as issued on June 23, 1976, and 
publishes in the FEDERAL REGISTER on 
July 7, 1976, are sometimes referred to 
below as the original guidelines or the 
1976 guidelines or the current guide- 
lines. 

The proposed revised guidelines pre- 
pared by the RAC and published in 
the FEDERAL REGISTER on September 
27, 1977, are referred to below as the 
PRG-RAC. 

The proposed revised guidelines 
which are being proposed now by NIH 
are referred to below as the PRG- 
NIH. 

The remainder of this document is 
divided into four parts corresponding 
to the four parts of the guidelines; i.e., 
I. Scope of the Guidelines; II. Contain- 
ment; III. Containment Guidelines for 
Covered Experiments; and IV. Roles 
and Responsibilities. 

Within each of these four parts 
there are two subsections; i.e., Review 
of RAC-Proposed Guidelines and 
Review of Comments and NIH-Pro- 
posed Guidelines. The first subsection 
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describes how the PRG-RAC differs 
from the 1976 guidelines; the second 
describes (1) the public comments re- 
ceived both before and after the De- 
cember 1977 DAC meeting, concerning 
the PRG-RAC, and (2) the changes 
which have been made in response to 
these comments leading to the PRG- 
NIH. 


FOOTNOTES TO INTRODUCTION AND OVERVIEW 


(1) In addition to the proposed revised 
guidelines and this “Decision Document,” 
there is also being released an Environmen- 
tal Impact Assesemment, including numer- 
ous appendices. 

(2) The capability to perform DNA recom- 
binations, and the potential hazards, had 
become apparent to scientists at the Gordon 
Research Conference on Nucleic Acids in 
July 1973. At their behest the National 
Academy of Sciences created a committee 
that organized an international conference 
held in February 1975 at Asilomar Confer- 
ence Center, Pacific Grover, Calif. Approxi- 
mately 150 scientists, of whom a third were 
from foreign countries, were present. The 
committee also called on the National Insti- 
tutes of Health to establish an advisory 
committee to draft guidelines for the con- 
duct of this research. Temporary guidelines 
were issued at Asilomar pending issuance of 
NIH guidelines. : 

In response, the NIH Recombinant Advi- 
sory Committee (formally “NIH Recombin- 
ant DNA Molecule Program Advisory Com- 
mittee”) was established in October 1974 to 
advise the Secretary of HEW, the Assistant 
Secretary for Health, and the Director of 
NIH to accomplish these tasks. The several 
meetings at which the Recombinant Adviso- 
ry Committee developed its proposed guide- 
lines in 1975 were announced in the FEDERAL 
REGISTER and were open to the public. The 
committee, after preparing several draft 
versions of guidelines, reached agreement 
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on a recommended revised version, which 
was referred to the NIH Director for review 
in December 1975. 

A special meeting of the public advisory 
Committee to the Director, NIH, was con- 
vened in February 1976 to review these pro- 
posed guidelines. In addition to current 
members of the committee, a number of 
former committee members as well as other 
scientific and public representatives had 
been invited to participate. There was ample 
opportunity for comment and an airing of 
the issues, both by the committee members 
and the public witnesses. All major points of 
view were broadly represented. 

The proposed guidelines were reviewed by 
the Director, NIH, in the light of comments 
and suggestions made at the public hearing 
as well as extensive written correspondence 
received after the meeting. When the final 
guidelines were released in June 1976, an ac- 
companying decision paper described in 
great detail all relevant public comments 
and the reason for accepting or rejecting 
specific recommendations in preparing the 
final guidelines. The NIH guidelines and the 
Decision of the Director, NIH, were pub- 
lished in the FeperRaAL REGISTER on July 7, 
1976. In addition, copies of the guidelines 
were widely distributed to foreign embas- 
sies, medical and scientific journals, NIH 
grantees and contractors, and professional 
research societies. : 

(3) The following committees have held 
hearings and/or markup sessions on Recom- 
binant DNA legislation: 

House—The Subcommittee on Health and 
the Environment and its parent, the Com- 
mittee on Interstate and Foreign Com- 
merce; the Subcommittee on Science, Re- 
search, and Technology and its parent, the 
Committee on Science and Technology. 

Senate—The Subcommittee on Health 
and Scientific Research and its parent, the 
Committee on Human Resources; the Sub- 
committee on Science, Technology, and 
Space. Its parent, the Committee on Com- 
merce, Science, and Transportation, has not 
held any hearings or markup sessions on 
this topic. 





Bill 


Chief sponsor 





House: 
H. Res. 131 


Richard Ottinger, 





Identical to S. 621 


Democrat of Jan. 19, 1977. 


Feb. 7, 1977. 





Feb. 16, 1977. 














Stephen Solarz, Democrat of New 





Do. 
Mar. 1, 1977. 


York. 
Mar. 9, 1977. 


The following bills on recombinant 
DNA technology have been formally 
introduced: 

(4) The Recombinant Advisory Committee 
considered its proposed revisions at meet- 
ings throughout 1977. The version proposed 
to the Director, NIH, in September 1977, ap- 
peared in the FEDERAL REGISTER on Septem- 
ber 27, 1977. i 

(5) This meeting of the Director’s Adviso- 
ry Committee took place in Bethesda on De- 
cember 15-16, 1977. A summary of the meet- 
ing appezred in the recombinant DNA tech- 


nical bulletin, and the complete record will 


shortly be published by NIH in vol. 3 of the 
series recombinant DNA research. 

(6) The NIH-sponsored meeting at Fal- 
mouth, Mass., on June 20-22, 1977, was 
chaired by Dr. Sherwood Gorbach. A com- 
plete record of this meeting appears in the 
“Journal of Infectious -Diseases’’ (May 
1978). 

(7) The “U.S.-EMBO Workshop to Assess 
Risks for Recombinant DNA Experiments 
Involving the Genomes of Animal, Plant, 
and Insect Viruses” was held on January 26- 
28, 1978, in Ascot, England. It was attended 
by experts on viruses from the United 
States, Britain, and other European coun- 
tries, a majority of whom were not engaged 
in recombinant DNA research. The primary 
purpose of the meeting was to conduct a sci- 
entific and technical analysis of possible 
risks associated with cloning eukaryotic 
viral DNA segments in E. coli K-12 host- 
vector systems and with the use of eukaryo- 
tic viruses as cloning vectors in animal, 
plant, and insect systems. The report of the 
workshop was published in the FEDERAL 
REGISTER on March 31, 1978, and appears as 
appendix E to the accompanying environ- 
mental impact assessment. The results of 
the Ascot meeting were then reviewed by 
another group of U.S. virologists who con- 
verted them into recommendations for revi- 
sion of the guidelines. This working group 
was chaired by Dr. Harold Ginsberg and 


_met on April 6-7, 1978. Its report appears as 


appendix F to the accompanying environ- 
mental impact assessment. The report was 
considered by the Recombinant Advisory 
Committee at its April 27-28, 1978, meeting. 

(8) The “Workshop on Risk Assessment of 
Agricultural Pathogens” was held on March 
20-21, 1978, in Washington, D.C., under the 
auspices of the National Science Founda- 
tion, the Department of Agriculture, and 
the National Institutes of Health. A copy of 
the report of this workshop appears as ap- 
pendix G to the accompanying environmen- 
tal impact assessment. 


Paul Rogers, Democrat of FLorida.. 
Identical to H.R. 4759 do 
Identical to S. 621.... 
.. Administration bill 


ee Mar. 10, 1977. 
.. Ottinger Mar. 14, 1977. 
Rogers Apr. 6, 1977. 
do May 24, 1977 
do June 20, 1977. 
Rogers and Harley Staggers, Demo-___ Feb. 28, 1978. 
crats of West Virginia. 





(9) The United Kingdom guidelines, also 
known as the “Williams report,” were issued 
in August 1976. A fairly comprehensive 
review of the international aspects of re- 
combinant DNA research, including issu- 
ance of national guidelines, is contained in 
the “Report of the Federal Interagency 
Committee on Recombinant DNA Research: 
International Activities,’ November 1977. 
This is available from the Office of Recom- 
binant DNA Activities, National Institutes 
of Health, Bethesda, Md. 20014. 

(10) Under the NIH guidelines, experi- 
ments using prokaryotic hosts other than E. 
coli K-12 are severely limited whereas such 
experiments are proceeding in Europe, espe- 
cially with Bacillus subtilis. Certain other 
categories of experiments require, according 
to the NIH guidelines, either P4+EK2 or 
P3+EK3 containment. Since no EK3 system 

















Dale.Bumpers, Democrat of Arkan- Feb. 4, 1977. 





sas. 

Howard Metzenbaum, Democrat of 
Ohio. 

Edward Kennedy, Democrat of 
Massachusetts. 


Mar. 8, 1977. 





Administration bill Apr. 1, 1977 


As.renorted: yanied 0. 
by Report 95-359. 
Amendment 754 in the 
nature of a substitute. 
. Amendment 1713 in the 
nature of a substitute. 


July 22, 1977. 





Gaylord Nelson, Democrat of Wis- 
consin. 
Kennedy 


Aug. 2, 1977. 
Mar. 1, 1978 
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has as yet been certified and since the first 
P4 facility has only recently been certified, 
these experiments were effectively forbid- 
den. The same experiments require signifi- 
cantly lower containment under some Euro- 
pean guidelines. 

(11) Prof. James Watson, in testimony at 
the December 1977 DAC meeting and in 
print, has sought repentance for his earlier 
activities in support of special precautions 
for recombinant DNA research. 

(12).The report, “Science Policy Implica- 
tions of DNA Recombinant Molecule Re- 
search,” March 1978, of the Subcommittee 
on Science, Research, and Technology of 
the Committee on Science and Technology, 
U.S. House of Representatives, says, ‘“‘The 
burden of proof of safety factors should not 
be borne exclusively by proponents of re- 
combinant DNA research; opponents must 
assume a corresponding burden.” 

(13) Significant differences exist between 
prokaryotes and eukaryotes in the ways pro- 
teins are synthesized under genic direction, 
and these account for limitations on the ap- 
parent success of many recombinant DNA 
experiments to date. A major thrust of cur- 
rent recombinant DNA research is in the di- 
rection of overcoming these differences. 
There is every reason to believe that this re- 
search will succeed. At my invitation, Dr. 
Malcolm Martin of NIH has drawn up this 
brief analysis of the state-of-the-art: 

The potential use of recombinant DNA 
techniques to produce biologically useful 
reagents is predicated on: (a) the faithful 
replication of a segment of foreign DNA ina 
new host cell; (b) the synthesis of messenger 
RNA (mRNA) complementary to the insert- 
ed DNA; and (c) the efficient translation of 
the mRNA into a polypeptide. In nearly all 
cases that have been examined to date, 
DNA, from both eukaryotic and prokaryotic 
sources, has been amplified in prokaryotic 
host-vector systems. The fidelity of this 
entire process (a, b, and c) has been verified 
in several instances in which prokaryotic 
DNA segments have been cloned in E. coli 
and resulted in the synthesis of new poly- 
peptides. Thus, in such cases, the informa- 
tional content contained in the insertec pro- 
karyotic DNA is expressed as evidenced by 
the synthesis of mRNA and novel proteins. 

With few exceptions (some yeast inserts) 
the expression of eukaryotic DNA in the 
form of biologically active or biochemically 
detectable polypeptides in prokaryotes has 
not been demonstrated using chromosomal 
DNA inserts and unmodified vectors. In 
nearly all cases where the system has been 
rigorously examined, it has been shown that 
eukaryotic DNA has replicated in E. coli; in 
some instances, RNA complementary to the 
inserted eukaryotic DNA has been identi- 
fied. 

Messenger RNA synthesis and function in 
E. coli. The synthesis of messenger RNA 
(mRNA) in a prokaryote, such as E. coli, 
proceeds in a linear fashion along the DNA 
template of individual gene segments or 
groups of related genes. In nearly all cases 
examined, the mRNA molecules are the 
faithful colinear transcripts of prokaryotic 
genetic information and can be used in an 
unmodified form to direct the synthesis of 
prokaryotic polypeptides. The information- 
al content of mRNA corresponds directly to 
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the nucleotide sequence of DNA in such sys- 
tems (i.e., all nucleotides present in a pro- 
karyotic gene are transcribed into messen- 
ger RNA which, in turn, programs the syn- 
thesis of a corresponding protein). Control 
of this phase of gene expression appears to 
be solely at the level of RNA synthesis. 

In prokaryotes (and eukaryotes), nucleo- 
tide sequences preceding the sequences cor- 
responding to the actual genes play a major 
role in determining (a) whether a given 
DNA sequence will be transcribed into RNA 
and (b) whether the RNA so synthesized 
will efficiently bind to ribosomes, a prereq- 
uisite for protein synthesis. For example, 
certain DNA sequences interact with regions 
of RNA polymerase and thereby participate 
in the initiation of RNA synthesis; they are 
not represented in the final RNA product. 
DNA sequences specifying binding to ribo- 
somes are physically located between those 
for initiation of RNA synthesis and se- 
quences encoding the amino acids of a par- 
ticular protein (the gene) and are also con- 
tained in the functional mRNA molecules. 

Messenger RNA synthesis and metabolism 
in eukaryotes. Our understanding of gene 
regulation and expression in eukaryotic 
cells has increased markedly during the past 
10 months. A common feature of all systems 
that have been carefully evaluated is that 
the initial, faithful RNA copy of the DNA is 
extensively modified to produce a function- 
al form of mRNA. The final mRNA contains 
only a fraction of the sequences present in 
the original RNA product. That is to say, 
portions of large RNA molecules are re- 
moved by mechanisms that are, at present, 
poorly understood and the remaining seg- 
ments of the primary RNA transcript are 
then rejoined to one another. In nearly all 
cases an RNA segment containing a riboso- 
mal binding site is joined to a segment 
coding for a polypeptide; in addition, larger 
gene segments are often joined together. 
This process was first observed in animal 
virus systems (1, 2) where it was shown that 


_. Viral MRNA, containing the information for 


a.~product which had been previously 
mapped to a specific. locus on the viral 
genome, was complementary to regions of 
the viral DNA which were separated by 
more than a thousand nucleotides. 

Support for the concept of complex modi- 
fication leading to functional mRNA in eu- 
karyotic cells has recently come from re- 
combinant DNA experiments in which chro- 
mosomal DNA has been cloned in E. coli. 
When individual cloned eukaryotic genes 
are carefully analyzed, intervening DNA se- 
quences which interrupt the actual se- 
quence of the gene in chromosomal DNA 
have been identified. To date, such intra- 
genic DNA has been detected in ovalbumin 
(3, 4), B globin (5, 6), immunoglobulin (7), 
and even tRNA genes (8). In one instance it 
has been clearly shown that the intervening 

DNA sequences, present in the primary 
RNA transcript of 8 globin DNA, are absent 
in 8 globin mRNA (5). These mechanisms 
presumably function in some regulatory 
fashion to modulate eukaryotic gene activi- 
ty. 


IMPLICATIONS FOR RECOMBINANT DNA RESEARCH 


A. The discovery of the existence of com- 
plex processes involved in the maturation of 
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mRNA eukaryotic cells and the demonstra- 
tion of intragenic DNA in several eukaryotic 
genes suggests that: (1) cloning of chromo- 
somal DNA in E. coli DNA (shotgun or puri- 
fied) will pose little, if any, risk since the 
maturation mechanisms have never been 
observed in prokaryotes; and (2) investiga- 
tors who wish to develop prokaryotic clon- 
ing systems for the purpose of synthesizing 
useful biological products will utilize cDNA 
copies of functional mRNAs or synthetic 
DNA with a nucleotide sequence derived 
from a-known amino acid sequence as DNA 
inserts. 

B. Vectors are currently being ‘“engi- 
neered” to ensure efficient transcription 
and translation of DNA inserts. Using 
slightly different approaches, groups in San 
Franscisco and at Harvard (9-11) are pre- 
paring DNA segments which: (1) contain the 
sequences necessary for interaction with E. 
coli RNA polymerase linked closely to (2) 
sequences which encode a bacterial ribo- 
some binding site. Such DNA segments can 
then be added to a prokaryotic cloning 
vector next to the site into which a foreign 
DNA will be inserted. This arrangement will 
facilitate the transcription of the inserted 
DNA and enable the mRNA so synthesized 
to bind to bacterial ribosomes. This embel- 
lishment has already been used to maximize 
the expression of a bacteriophage gene and 
human somatostatin DNA in a plasmid 
vector system (10, 11). 


REFERENCES FOR FOOTNOTE 13 
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Sci., USA 74, 3686 3690. 

3. Breathnack, R., Mandel, J. L., and 
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4. Weinstock, R., Sweet,-R., Weiss, M., 
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man, J. G., Peterlin, B. M., Sullivan, M., 
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Acad. Sci., USA 75, 725-759. 
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(14) Prohibition (i) in the original guide- 
lines forbids experiments with ‘oncogenic 
viruses classified by NCI as moderate risk.” 
The absence of evidence that use of these 
viruses will lead to formation of agents 
harmful to man and the potential for ob- 
taining useful new knowledge, relevant to 
carcinogenesis in particular, and genetics in 
general, supports the removal of the prohi- 
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bition. The removal of this prohibition was 
proposed in the report of the Working 
Group on Viruses which met on Apr. 6-8, 
1978, and endorsed by the RAC at its Apr. 
27-28, 1978, meeting. The reasoning behind 
this is that recombinant DNA experiments 
with pieces of these viruses cloned in E. coli 
K-12 pose no more risk, and actually appear 
to pose clearly less risk, than work with the 
whole. infectious virus itself. Since NCI rec- 
ommends that work with these whole vir- 
uses not be prohibited, but rather be per- 
formed under containment conditions simi- 
lar to P3, there is no scientific reason to pro- 
hibit recombinant DNA work with these vir- 
uses. The “flexibility” clause refers to 
power of the Director, NIH, to waive prohi- 
bitions when the public interest may be 
served by such action. 

(15) The Guidelines say at the beginning 
of Pt. III, “Given below are containment 
guidelines for permissible experiments. 
Changes in these levels for specific experi- 
ments (or the assignment of levels to experi- 
ments not explicitly considered in this sec- 
tion) may be expressly approved by the Di- 
rector, NIH, on the recommendation of the 
Recombinant DNA Advisory Committee.” 
Insertion of such language into the guide- 
lines was recommended by the RAC at its 
Apr. 27-28, 1978, meeting. It recognizes that 
the classification of experiments given in 
Pt. III will necessarily be imperfect, as in- 
vestigators in the future devise new ways to 
conduct recombinant DNA experiments not 
currently foreseen and therefore not explic- 
itly considered in the guidelines. Also, new 
data may become available showing that 
certain particular experiments currently as- 
signed a particular containment level are, 
indeed, clearly more (or less) safe than envi- 
sioned at this time. 

(16) See App. C to the guidelines and Part 
IV of this “Decision Document.” 

(17) In May 1977, a resident of Frederick, 
Md., brought suit in the U.S. District Court 
for the District of Columbia to enjoin a pro- 
posed risk-assessment experiment which 
was about to be undertaken in a maximum 
containment facility (P4) located at the 
Frederick Cancer Research Center. (Mack v. 
Califano, Civil Action No. 77-0916). On Feb- 
ruary 23, 1978, the court issued a decision 
refusing to grant the injuction. In so doing, 
the court observed that the environmental 
impact statement on the original guidelines 
constituted a “hard look” at recombinant 
DNA research performed in accordance 
with the guidelines. The court further 
noted that compliance with the guidelines, 
it appeared, would insure that no recombin- 
ant DNA molecules would escape from the 
carefully controlled laboratory to the envi- 
ronment, and that the guidelines “represent 
an effort by many scientists to evaluate the 
hazards and provide safe methods for their 
control.” 

The plaintiff appealed (Appeal No. 78- 
1156), and on Mar. 8, 1978, the Court of Ap- 
peals for the District of Columbia wae 
the district court decision. 


I. SCOPE OF THE GUIDELINES 
REVIEW OF RAC-PROPOSED GUIDELINES 


It was the determination of the Re- 
combinant Advisory Committee that 
advances in knowledge pertaining to 
recombinant DNA activities in past 
years warranted significant revisions 
in the “purpose,” “definition,” and 
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“prohibition” sections of the NIH 
guidelines. A comparison of the “pur- 
pose” language of the two sets of 
guidelines’ reveals that the standards 
in the PRG-RAC were meant to per- 
tain to recombinant DNA molecules in 
organisms. The analogues language in 
the 1976 guddelines addresses recom- 
binant DNA molecules whether or not 
they are contained within a cell or 
virus. The rationale for this change is 
that DNA by itself (commonly re- 
ferred to as “naked” DNA) is extreme- 
ly unlikely to be hazardous under ex- 
perimental conditions, as it is rapidly 
inactivated in nature. 

The definition in the PRG-RAC 
consisted of two parts: (1) an oper- 
ational definition of recombinant DNA 
and (2) a qualification that the guide- 
lines would pertain only to “novel” re- 
combinant DNA’s. The operational 
definition does not. differ significantly 
from that in the original guidelines. 

The second part, however, called for 
the creation of a list of organisms that 
exchange genetic information in 
nature, commonly referred to as “non- 
novel exchangers.” Recombinant DNA 
formed with DNA from such organ- 
isms would be exempted from the pro- 
visions of the PRG-RAC, with the ra- 
tionale that there is no justification 
for requiring containment procedures 
for the handling of recombinations 
that occur regularly in nature and are 
not known to be associated with any 
special hazards. 

The provision of an open-ended list- 
ing was recommended rather than is- 
suance or a blanket exemption, be- 
cause this would allow the RAC and 
NIH to consider evidence that (1) the 
putative gene transfers do take place 
naturally and (2) their exemption 
from the guidelines is justifiable (see 
footnote 1 of the PRG-RAC). 

Although the PRG-RAC deals with 
prohibited experiments under Part III, 
this decision document, for purposes 
that become apparent below, will con- 
sider the definition, exemptions, and 
prohibitions together under section I. 

The “prohibitions” section was 
called section III-A, “Experiments 
That Are Not To Be Performed,” in 
both the 1976 guidelines and PRG- 
RAC. Changes from the 1976 guide- 
lines, proposed in the PRG-RAC, in- 
cluded minor wording changes in 
items (iii), (iv), and (vi). 

The ability to grant exemptions for 
certain experiments from the “prohi- 
bitions” was limited in the 1976 guide- 
lines to only the sixth prohibition 
(large-scale experiments with recom- 
binant DNA’s known to make harmful 
products). In the PRG-RAC the Direc- 


‘The current guidelines as published in 
the FEDERAL REGISTER, July 7, 1976 (41 FR 
27902), and the RAC’s proposed revisions 
(PRG-RAC) as published in the FEpERAL 
REGISTER, Sept. 27, 1977 (42 FR 49596). 


tor, NIH, is given the authority to 
grant exceptions from any of the six 
prohibitions. Such a determination 
must be based upon the recommenda- 
tion of the RAC, and weight must be 
given in the decisionmaking ‘‘both to 
scientific and societal benefits and to 
potential risks.” The rationale for this 
proposed change was the desire of the 
RAC not to preclude the possibility of 
conduction such experiments for some 
compelling social or scientific rea- 
sons—for example, risk-assessment ex- 
periments. 

The sections of the PRG-RAC deal- 
ing with purpose of the guidelines, 
definition of recombinant DNA, ex- 
emptions, and prohibitions evoked a 
great deal of comment both before 
and after the December 1977 public 
hearing. An anylsis of these comments 
and my decision in response to the 
issues raised are presented in the fol- 
lowing section. 


REVIEW OF COMMENTS AND NIH-PROPOSED 
GUIDELINES 


There was considerable discussion at 
the public hearing over the scope of 
the guidelines. Some felt that the 
guidelines were too narrow in their 
preoccupation with recombinant DNA, 
as there exist other forms of genetic 
research capable of producing organ- 
isms of unknown potential hazard. It 
was further suggested that the title of 
the guidelines be modified to reflect 
the preoccupation with experiments 
involving prokaryotes and cells in cul- 
ture, and that a companion document 
be released dealing with higher eukar- 
yotes. On the other hand, it was also 
argued that genetic research has now 
received attention far beyond its due, 
and that other matters of experimen- 
tation await their turn. 

While it is true that other tech- 
niques in genetic research, such as cell 
fusion and chromosome transfer, may 
result in formation of recombinant 
molecules, I do not believe at this time 
that we should mandate or extend the 
guidelines to these research areas. 
There are inherent in these _ tech- 
niques a range of natural barriers to 
the formation of hazardous organisms 
which apparently afford adequate con- 
tainment, making unnecessary the is- 
suance of Federal standards. I base 
this conclusion on the fact that such 
techniques have been used in the labo- 
ratory for decades with no known 
harmful effects on either the public 
health or the environment. I should 
also emphasize that the entire area of 
laboratory safety is of primary con- 
cern to NIH and is the subject of con- 
stant review and attention. A descrip- 
tion of NIH activities in these areas is 
presented in the environmental impact 
assessment. 

A commentator suggested that the 
language be deleted stating that ‘‘* * * 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 








the revised guidelines [have] the 
intent of erring on the side of cau- 
tion.” While believing that the guide- 
lines are, and should be, deliberately 
restrictive, I agree with the criticism 
that scientists should not enter into 
an activity with the intent of erring. 
The PRG-NIH now reflects this opin- 
ion by deletion of this phrase. 

Another commentator suggested 
that the guidelines should contain lan- 
guage requiring all publications deal- 
ing with recombinant DNA activities 
to include a description of the physical 
and biological containment procedures 
used. While the PRG-NIH urges “that 
all publications dealing with recombin- 
ant DNA work include a description of 
the physical and biological contain- 
ment procedures employed,” NIH is 
not well advised to dictate to research- 
ers or editors what must be included in 
a scientific publication. 

There were several suggestions that 
the purpose of the guidelines be more 
clearly stated and that terms be more 
precisely defined. I have, therefore, 
added considerable new material to 
Part I of the PRG-NIH, renamed 
“Scope of the Guidelines,” and divided 
it into the following sections, each of 
which is discussed further below: Pur- 
pose; Definition of Recombinant DNA 
Molecules; General Applicability; Pro- 
hibitions; Exemptions; and General 
Definitions. 


Purpose 


The introduction to the 1976 guide- 
lines states that “the purpose of these 
guidelines is to recommend safeguards 
for research on recombinant DNA 
molecules.” As noted above, to elimi- 
nate “naked” recombinant DNA from 
the guidelines, the PRG-RAC pro- 
posed this passage to read that the 
purpose is to ‘establish procedures for 
handling organisms and viruses con- 
taining recombinant DNA molecules.” 

This proposed revision would have 
had the effect of removing from cover- 
age by the guidelines certain experi- 
“ments which are prohibited by the 
1976 guidelines—for example, deliber- 
ate formation of naked recombinant 
DNA containing genes for the biosyn- 
thesis of potent toxins. I have decided 
to resolve this issue conservatively. 
The language in the PRG-NIH, there- 
fore, clearly states that the guidelines 
are intended to pertain to the con- 
struction and handling of naked re- 
combinant DNA molecules as well as 
of organisms and viruses containing 
such molecules. 


General applicability 


Many commentators urged that a 
statement of general applicability of 
the guidelines be included in an early 
part. The issues relate to (1) the appli- 
cability of the guidelines to non-NIH 
funded research with recombinant 
DNA at institutions receiving NIH 
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funds for this purpose, (2) the applica- 
bility of the guidelines to NIH-sup- 
ported recombinant DNA research 
conducted in foreign countries, and (3) 
the location of responsibility for insur- 
ing compliance with the guidelines. 
Therefore, a section entitled “General 
Applicability” now appears after the 
“Purpose” section in Part I of the 
PRG-NIH. 

The existence of guidelines for re- 
combinant DNA research assumes 
their general application. Partial ad- 
herence within an institution would 
defeat the purpose of extending maxi- 
mal protection to the community. 
Thus, it would be inconsistent for NIH 
to provide funds for biomedical re- 
search activities to an institution that 
did not meet the standards of the 
guidelines in all of its recombinant 
DNA research, regardless of the 
source of funding. This principle is 
now stated explicity in the PRG-NIH, 
and we intend to consider withholding 
NIH funds as a sanction against viola- 
tion. 

Rules must be established for the 
conduct of recombinant DNA activities 
funded by NIH in other countries. 
Generally, the requirements in force 
in those countries shall apply. A 
memorandum of understanding and 
agreement (MUA) must still be filed 
with NIH, indicating specifically 
which guidelines will govern the activi- 
ties; and NIH reserves the right to 
withhold funding if the safety prac- 
tices to be employed are not compara- 
ble. to the NIH guidelines. An explicit 
statement about this has been inserted 
in the PRG-NIH. 

Part IV of the PRG-NIH describes 
the responsibilities of all individuals 
and organizational entities involved in 
the conduct and review of a recombin- 
ant DNA activity. Two years of experi- 
ence with administering the NIH 
guidelines has indicated that the ulti- 
mate responsibility for insuring com- 
pliance must be borne by the institu- 
tion where the research is being done. 
This implies some discretion under 
well-defined limits for interpretation 
of common standards, and imposes a 
requirement for local expertise other 
than the investigator’s. Accordingly, 
Part I of the PRG-NIH now requires 
that an individual receiving NIH sup- 
port for recombinant DNA research be 
associated with an institution that is 
willing and able to accept the responsi- 
bilities and conditions of local gover- 
nance, described more fully in Part IV 
of the PRG-NIH. 


Definition of recombinant DNA mole- 
cules 


It became apparent from the com- 
ments received that the PRG-RAC 
definition was inadequate in that it 
did not address the handling of recom- 
binant DNA molecules containing seg- 
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ments of chemically synthesized DNA. 
I have decided that the most effective 
way to achieve this objective is simply 
to include “natural or synthetic DNA” 
in the definition of a recombinant 
DNA molecule, and this has been in- 
serted in the PRG-NIH definition. A 
new section, therefore, has also been 
added to Part III of the PRG-NIH 
giving containment levels for work 
with recombinant DNA molecules con- 
taining synthetic DNA. 

I have also revised what I perceived 
to be an ambiguity in the PRG-RAC 
definition by including within the 
PRG-NIH definition language explic- 
itly stating that DNA molecules which 
result from the repiication of recom- 
binant DNA molecules are subject to 
the safety provisions of the guidelines. 

Finally, no other provision of the 
PRG-RAC definition evoked as much 
comment as did the wording to ex- 
clude “non-novel” recombinant DNA 
from the standards. The ambiguity of 
such phrases as “known to exchange 
chromosomal DNA” and “by natural 
physiological processess” was strongly 
noted, and I agree with the commenta- 
tors that we must strive for a greater 
degree of clarity and objectivity. Thus, 
it has been decided to eliminate in the 
PRG-NIH the two conditions cited 
above as criteria for exemption from 
the guidelines. Staff discussions of the 
public comments made it clear that in- 
clusion of exemption provisions within 
the definition itself was not desirable. 
Several attempts at appropriate lan- 
guage did not bear careful scrutiny. 

Given this situation, and also my 
opinion that certain categories of re- 
combinant DNA _ experiments are 
indeed so apparently free of causing 
harm that they should not come 
under the guidelines, it was my deci- 
sion to remove the criterion of “novel- 
ty” from the definition and use it as a 
basis for the development of a new 
section entitled “Exemptions.” 


Exemptions 


The nature of the public comments 
on the PRG-RAC exclusion of nonno- 
vel exchangers can be divided into cat- 
egories—those that pertain to the pro- 
posed standards and those to the pro- 
posed process. 

The standards proposed by the 
PRG-RAC were that novel recombin- 
ant DNA’s are those consisting of ‘‘seg- 
ments of any DNA from different spe- 
cies not known to exchange chromoso- 
mal DNA by natural physiological 
processes * * * In general recombinant 
DNA molecules * * * will not be con- 
sidered novel when all the components 
are derived from genomes known to 
replicate within the organism used to 
propagate the recombinant DNA.” 
This is qualified, however, by a foot- 
note stating that the “recombinant 
DNA formed between segments of eu- 
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karyotic viral DNA and any eukaryotic 
DNA * * * shall not be excluded * * * 
until such time as there is more infor- 
mation about the extent of naturally 
occurring recombinational events be- 
tween these DNAs.” 

The public comments on_ these 
standards raised the following issues: 


@ That safety rather than novelty 
should be the criterion for exclusion; 
that is, any recombinant DNA mole- 
cule that poses a threat to the public 
health or the environment should be 
covered by the guidelines regardless of 
whether the molecule is a novel one. 

@ Others argued that the proper cri- 
terion should not be safety but rather 
whether the potential hazard of the 
recombinant DNA molecules differs 
significantly in degree or in kind from 
those found in nature or from bioha- 
zards that are successfully handled by 
conventional methods. 

@ That there is a question of quanti- 
fication that goes beyond novelty; that 
is, a recombinational event that occurs 
very rarely in nature can be mimicked 
more frequently in the laboratory. 

@ That the PRG-RAC was ambigu- 
ous in describing the criteria to be 
used in judging novelty. 

@ That the list of nonnovel exchang- 
ers should not be limited to the ex- 
change of chromosomal DNA, but 
should aiso include plasmid DNA ex- 
change. 

@ That the list should not. be drawn 
broadly at the species level, but should 
deal with exchange at subspecies 
levels. 

@ That footnote 1 of the PRG-RAC 
unjustly discrimated against natural 
recombinants involving eukaryotic 
viral DNA and other eukaryotic DNA. 
Others urged that this footnote be ex- 
panded to ensure that recombinants 
involving pathogenic bacteria not 
appear on the list. 

@ That experiments classified as 
P1+EK1 be exempted from the guide- 
lines. Apparently harmless experi- 
ments do not warrant the administra- 
tive burden that accompanies inclu- 
sion within the guidelines. 

@ That it was unclear whether the 
PRG-RAC definition woud permit 
“self-cloning” experiments (such as 
the cloning of B. subtilis genes in B. 
subtilis). 


It proved impossible to reconcile 
these differences of opinion in the 
definition itself, but in my opinion the 
“Exemptions” section of the PRG- 
NIH as drafted does so successfully. 
This section was drafted by NIH staff 
in conjunction with a working group 
of the RAC; it was then modified 
slightly and endorsed by the full RAC 
at its meeting on April 27-28, 1978, 
and subsequently modified slightly for 
clarity by NIH staff. Before proceed- 
ing to a discussion of these exemp- 


NOTICES 


tions, however, I want to emphasize 
that no provision in this section may 
be cited to exempt from the guidelines 
an activity listed in the “Prohibitions” 
section. 

The first exemption concerns recom- 
binant DNA molecules that are not in 
organisms or viruses. This is in recog- 
nition that “naked” DNA, which is 
rapidly inactivated in nature, is ex- 
tremely unlikely to be hazardous 
under experimental conditions. To 
guard against the remote possibility, 
however, that potentially harmful 
naked recombinant DNA will be incor- 
porated into an organism, the han- 
dling of certain naked recombinant 
DNA molecules described in the “Pro- 
hibitions” section remains prohibited. 
It should also be noted that the con- 
cept of extremely low hazard of naked 
recombinant DNA was included in the 
PRG-RAC in the section on “Han- 
dling Recombinant DNA Molecules” at 
the end of part III. This language, I 
believe, is more appropriately present- 
ed under the “Exemptions” section. 

The second exemption pertains to 
recombinant DNA molecules consist- 
ing entirely of DNA segments from a 
single nonchromosomal or viral 
source. This statement clarifies a cate- 
gory of “self-cloning’” experiments 
that are considered safe enough to be 
excluded from the guidelines. This is a 
concept which the RAC tried to 
convey in the PRG-RAC definition by 
use of the phrase “different genomes,” 
but which some commentators found 
ambiguous. ‘ 

The third exemption concerns “‘self- 
cloning.” It exempts from the guide- 
lines recombinant DNA _ molecules 
made entirely from the DNA of a 
single organism including the plas- 
mids, viruses, mitochondria, or chloro- 
plasts indigenous to (i.e., found in 


nature in) that organism, when propa- 


gated only in that organism (or a 
closely related strain of the same spe- 
cies). This partially responds to the 
suggestion made by many commenta- 
tors that experiments previously clas- 
sified as P1+EK1 be excluded from 
the guidelines. It also covers some of 


’ the cases the RAC was including in 


the concepts of “novelty” and “differ- 
ent genomes.” This exemption, howev- 
er, does not include recombinant DNA 
molecules formed between viral DNA 
and eukaryotic host DNA. In this 
regard it is analogous to footnote 1 of 
the PRG-RAC. 

The fourth exemption covers “cer- 
tain specified recombinant DNA mole- 
cules that consist entirely of DNA seg- 
ments from different species that ex- 
change DNA by known physiological 
processes.”’ In this case a list is pre- 
pared and periodically revised by the 
Director, NIH, on the recommendation 
of the RAC, after appropriate notice 
and opportunity for public comment. 


This list is analogous to the list of 
“nonnovel exchangers” proposed in 
the PRG-RAC. 

The initial entries on the list speci- 
fied under exemption I-E-4 are given 
in appendix A to the guidelines. Any 
recombinant DNA molecules composed 
entirely of DNA segments coming 
from organisms listed in appendix A, 
would be exempt from the PRG-NIH 
under exemption I-E-4. The inclusion 
of the particular organisms listed in 
appendix A was recommended by the 
RAC at its meeting on April 27-28, 
1978. (For further discussion of this 
list see appendix D to the accompany- 
ing Environmental Impact Assess- 
ment.) 

The fifth exemption allows the Di- 
rector, NIH, on the recommendation 
of the RAC, after appropriate notice 
and opportunity for public comment, 
to exempt other classes of recombin- 
ant DNA molecules if he finds that 
“they do not present agsignificant risk 
to health or the environment.” The 
exemption of classes of experiments 
that do “not present a significant risk 
to health or the environment” is the 
language used in proposed legislation 
(H.R. 11192), recently reported out of 
the committee on Interstate and For- 
eign Commmerce and the Committee 
on Science and Technology of the U.S. 
House of Representatives. 

In addition to comments pertaining 
to the standards for exemption in the 
PRG-RAC, the following comments 
were directed toward the processes 
whereby exemptions would be made: 


@ Rather than compile a list of non- 
novel exchangers exempt from the 
guidelines, the burden of proof should 
be on the Director, NIH, to compile a 
list of novel exchangers which are sub- 
ject to the guidelines. 

@ The procedures and critieria used 
in the development of the list should 
be explained thoroughly, and ade- 
quate opportunity should be given for ss 
public review and comment. 

@ Before being placed on the list, all 
the data pertaining to the application 
should be available for public review. 


In response to these comments, the 
PRG-NIH specifies that for exemp- 
tion I-E-4 and I-E-5—the two exemp- 
tions which involve the development 
of “lists’’—these lists will be prepared 
by the Director, NIH, on the advice of 
the RAC, after appropriate notice and 
opportunity for public comment. Pub- 
lication of the PRG-NIH includes ap- 
pendix A giving an initial proposed list 
for exemption I-E-4. As part of the 
public comment which I am soliciting 
on the entire PRG-NIH, I include ap- 
pendix A. In the future, no additions 
will be made to appendix A, nor will 
any items be listed as exemptions 
under exemption I-E-5, without ap- 
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propriate notice and opportunity for 
public comment. 
Prohibitions 

Two changes in this section have 
been initiated to make it more com- 
patible with the new “Definition” and 
“Exemptions” sections. The first was 
to transfer this section from part III 
of the guidelines to part I. This is 
again to emphasize that the exemp- 
tions are not applicable to the six ac- 
tivities listed as being prohibited. The 


* second was to drop all references to 


novel recombinant DNA’s and natural 
genetic exchange. My other actions 
were based upon the following com- 
ments: 


@ There was general endorsement of 
the provision in this section which 
grants to the Director, NIH, upon the 
recommendation of the RAC, the au- 
thority to waive any of the prohibi- 
tions. The widespread support for this 
authority reflects the realization that 
many important risk-assessments ex- 
periments may not be able to proceed 
otherwise. NIH is now supporting and 
will continue to support experiments 
that will yield knowledge contributing 
to a better understanding of the 
nature of potential risks of recombin- 
ant DNA. This section has been ex- 
pended in the PRG-NIH to indicate 
that if any experiments are excepted 
from the prohibitions, they will “at 
that time be assigned appropriate 
i levels of physical and biological con- 
: tainment.” 

@ It was urged that the advice of 
other Government agencies, such as 
the Environmental Protection Agency 
(EPA) and the Occupational Safety 
‘and Health Administration (OSHA), 
‘should be sought when the Director, 
‘NIH, considers invoking this waiver 
authority. The Federal Interagency 
Committee on Recombinant DNA Re- 
search provides for coordination of 
policies in this area. EPA and OSHA 
are represented on the Committee. 
The advice of relevant research and 
regulatory agencies will continue to be 
sought when appropriate. 

e@ It was suggested that the RAC as 
presently constituted should not be 
the sole advisory body because societal 
as well as scientific considerations 
must enter into the waiver decision. As 
explained in greater detail in part IV 
of this document, the membership of 
the RAC will be broadened modestly 
as needed for expertise, but provisions 
for public notice and opportunity to 
comment, and other appropriate ad- 
minstrative practices, can be used to 
ensure adequate public input when 
the issues warrant. 

e@ It was suggested that an Environ- 
mental Impact Assessment or State- 
ment should accompany each waiver. 
My waiver decisions will include a 
careful consideration of the potential 


NOTICES 


environmental impact, and certain de- 
cisions may be accompanied by a 
formal assessment or statement. This 
must be determined on ‘a case-by-case 
basis. 

@ It was suggested that waiver of 
the prohibition on the large-scale use 
of culture containing recombinant 
DNA’s be issued on the basis of indus- 
try’s experience in dealing with such 
cultures. While such experience will 
surely be weighed in the decisionmak- 
ing, I believe that it should not be the 
sole criterion for granting such a 
waiver. | B 

@ Agricultural scientists noted the 
importance to their research commu- 
nity of being allowed eventually to re- 
lease organisms containing recom- 
binant DNA into the environment. 
When the original guidelines were pre- 
sented to me in draft form in 1976, the 
release of organisms containing recom- 
binant DNA molecules into the envi- 
ronment was to be allowed if a series 
of controlled tests had been done to 
leave no reasonable doubt of safety. At 
that time I rejected this waiver provi- 
sion because of the limited scientific 
evidence available that any of the po- 
tential benefits from such a release 
were near realization. 


The prohibition of deliberate release 
into the environment of recombinant 
DNA-containing organisms can be 
waived if all of the requirements for a 
waiver are met (and if the require- 
ments of the National Environmental 
Policy Act are considered). Given the 
limited experience of NIH in agricul- 
tural research, the U.S. Department of 
Agriculture would be deeply involved 
in this process. I have given written 
notice of this opinion to the appropri- 
ate officials of the USDA. 


@ The Standing Advisory Committee 
on Recombinant DNA Research of the 
European Molecular Biology Organi- 
zation (EMBO) has noted that the list 
of pathogenic organisms under prohi- 
bition I-D-1, especially those in class 
5, may not be appropriate for all Euro- 
vean countries, and that “the decision 
as to which pathogenic orgamisms 
should be classified as too dangerous 
to use must be the responsibility of na- 
tional or regional authorities.” In re- 
sponse to this a footnote could be 
added to the guidelines stating that 
prohibition I-D-1 relates only to re- 
search in the United States. I have de- 
cided, however, not to include such a 
footnote, because these guidelines are 
directed to NIH grantees and contrac- 
tors, almost all within this country. In 
other countries, different criteria may 
govern. 

@ A final change in the PRG-NIH 
relates to prohibition I-D-1. As dis- 
cussed below in this document in part 
III, considerable changes have been 
made in the sections dealing with the 
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use of viral DNA in recombinant DNA 
experiments. The history leading to 
these changes, including the report of 
the “Ascot” workshop (appearing as 
appendix E to the accompanying Envi- 
ronmental Impact Assessment) and 
the report of the working group held 
on April 6-7, 1978 (appearing as ap- 
pendix F to the accompanying Envi- 
ronmental Impact Assessment), are 
discussed in detail in part ITI of this 
document under the heading ““Recom- 
binant DNA Experiments Involving 
Viral DNA.” 


One of the Working Group’s recom- 
mendations, arising out of the “Ascot” 
report and endorsed by the RAC at its 
April 27-28, 1978, meeting and en- 
dorsed by me, is that the previous pro- 
hibition on the use in recombinant 
DNA experiments of Vesicular Stoma- 
titis Virus (VSV) and of oncogenic vir- 
uses classified by the National Cancer 
Institute (NCI) as “moderate risk” 
should be lifted; instead, use of these 
viruses should be permitted under con- 
tainment conditions to be specified in 
part III of the guidelines. The redson- 
ing behind this is that recombinant 
DNA experiments with pieces of these 
viruses cloned in E. coli K-12 pose no 
more risk, and actually appear to pose 
clearly less risk, than work with the 
whole infectious virus itself. Since the 
Center for Disease Control (CDC) and 
NCI recommend that work with these 
whole viruses not be prohibited, but 
rather be performed under contain- 
ment conditions similar to P3, there is 


‘no scientific reason to prohibit recom- 


binant DNA work with these viruses. 

Therefore, prohibition I-D-1 in the 
PRG-NIH no longer prohibits the use 
of VSV or oncogenic viruses classified 
by NCI as moderate risk; containment 
conditions for their use are specified 
in part III of the guidelines. 


General Definitions 


In response to commentators’ sug- 
gestions that terms be more precisely 
defined, I have added a new section to 
the PRG-NIH with such definitions. 
Many of these terms are further dis- 
cussed in part IV of PRG-NIH. 

In summary, part I of the PRG-NIH 
has been extensively modified from 
that proposed in the PRG-RAC. In an 
effort to be responsive to the sugges- 
tions of commentators and to make 
the guidelines more comprehensible, 
the definition of recombinant DNA 
molecules has been simplified and 
clarified, the ‘Prohibitions’ section 
has been transferred from part III to 
part I, and new sections have been 
added to part I including “Exemp- 
tions.” part I, now entitled “Scope of 
the Guidelines.” is composed of the 
following sections: 


@ Purpose 
@ Definition of Recombinant DNA 
Molecules 
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@ General Applicability 
@ Prohibitions 

@ Exemptions 

@ General Definitions 


It should be noted that the Prohibi- 
tions appear before the Exemptions. 
This will again emphasize the fact 
that the latter provisions cannot be 
used to claim relief from the former. 


II. CONTAINMENT 


The object of these revised guide- 
lines is to insure that experimental 
DNA recombination will have no ill ef- 
fects on the researchers, on the gener- 
al public, or on the environment. The 
essence of their construction, as in the 
case of the 1976 Guidelines, is subdivi- 
sion of potential experiments by class, 
and assignment to these of certain 
procedures for containment. 

Containment is both physical and 
biological. Physical containment in- 
volves the isolation of the research by 
procedures that have evolved over 
many years of experience in laborato- 
ries studying infectious micro-organ- 
isms. P1 containment—the first physi- 
cal containment level—is that used in 
most routine bacteriology laboratories. 
P2 and P3 afford increasing isolation 
of the research from the environment. 
P4 represents the most extreme meas- 
ures used for containing virulent path- 
ogens, and permits no escape of con- 
taminated air, wastes, or untreated 
materials. Biological containment is 
the use of biological agents that are 
crippled by mutation soe as to be in- 
capable of surviving under natural 
conditions. 

PHYSICAL CONTAINMENT 
Review of RAC-Proposed Guidelines 


Two major changes were proposed in 
the physical containment section of 
the PRG-RAC. One deals with the or- 
ganization of the section; the other in- 
corporates into the PRG-RAC the 
philosophy and guidance of the report 
of the NIH European Molecular Biol- 
ogy Organization (EMBO) Workshop 
on parameters of physical contain- 
ment.? 

Physical containment requirements 
for each P level have been organized 
under the topic headings Laboratory 
Practices, Containment Equipment, 
and Special Laboratory Design. This 
was done to emphasize the importance 
of laboratory practices and contain- 
ment equipment in achieving the de- 
sired safety objective. 

Other revisions contained in the 
“Physical Containment” section re- 


*The “Report of the NIH/EMBO Work- 
Shop (Parameters of Physical Contain- 
ment)” may be obtained from the Office of 
Research Safety, National Cancer Institute, 
Room 3E47, Building 13, National Institutes 
of Health, 9000 Rockville Pike, Bethesda, 
Md. 20014. 
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flect a conscious effort to encourage 
international uniformity with respect 
to recombinant DNA guidelines. This 
has been achieved by revising the con- 
tainment descriptions so that they are 
consistent with the guidance provided 
in the NIH/EMBO report. In addition, 
some statements have been rewritten 
and others added in order to clarify 
the basic requirements for each level 
of containment. The most significant 
clarifications were made in the areas 
on containment equipment and special 
facility design. The revisions, however, 
have not resulted in changing the pur- 
pose or intent of the physical contain- 
ment descriptions in the 1976 Guide- 
lines. 

Two specific additions to the Guide- 
lines that originated from the NIH/ 
EMBO report are particularly notable. 
The first is that Tables I and II have 
been added to the P3 and P4 sections, 
respectively. These tables show combi- 
nations of safeguards that provide 
similar protection. The combinations 
are dependent on the level of biologi- 
cal containment. This approach allows 
flexibility in selecting containment 
equipment for a particular study with- 
out compromising safety. 

The second specific addition is the 
inclusion of laboratory design criteria 
for an area in which personnel wear 
positive-pressure suits ventilated by 
life-support systems. This added ap- 
proach provides a level of physical 
containment equivalent to that afford- 
ed by the glove-box cabinet require- 
ment at the P4 level. 

Other important changes are sum- 
marized below: 


@ Certain specific microbiological 
practices are mandated at the Pl level 
in the PRG-RAC (whereas in the 1976 
Guidelines they were merely encour- 
aged); 

e@ At the P2 level, prohibitions 
against eating, drinking, smoking, and 
storage of foods have been extended 
from the work area to the entire labo- 
ratory; 

e@ The universal biohazard sign is 
now required at the P2 level. Use of 
these signs has been extended to 
equipment such as freezers and refrig- 
erators in which organisms containing 
recombinant DNA molecules are 
stored; 

@ Access procedures in controlled 
areas adjacent to P3 laboratories have 
been specified; 

@ Installation of foot-, elbow-, or 
automatically-operated facilities for 
washing hands is now required in P3- 
level laboratories; 

e@ Specific guidance on containment 
equipment appropriate for laboratory 
animals has been added to the P3 and 
P4 sections; 

e@ The labeling requirements _for 
shipment of etiologic agents now 
apply to all organisms containing re- 


combinant DNA molecules. Thus, the 
Center for Disease Control, U.S. 
Public Health Service, must be noti- 
fied in the event of any accidental 
breakage during shipment. Also, 
agents requiring P4 containment must 
be packaged according to strict Feder- 
al standards and be shipped by regis- 
tered mail or an equivalent system 
that provides for notifying the shipper 
upon delivery. 

I have carefully reviewed the recom- 
mendations of the PRG-RAC relating 
to physical containment and propose 
to adopt them with certain modifica- 
tions. The modifications, based on 
issues raised by the Director’s Adviso- 
ry Committee and public commenta- 
tors, are discussed below. 


Review of comments and NIH-pro- 
posed guidelines 


As reported in the ‘Decision Docu- 
ment” which accompanied the release 
of the 1976 guidelines, comments on 
the containment provisions of the 
original Guidelines were directed to 
the definitions of both physical and 
biological containment and to the 
safety and effectiveness of the pre- 
scribed levels. Several commentators 
at that time found the concept of 
physical containment imprecise and 
subject to human error. Others ques- 
tioned the concept of biological con- 
tainment in terms of its safety and 
purported effectiveness in averting po- 
tential hazards. The commentators 
were divided on which method of con- 
tainment would provide the most ef- 
fective and safe system. 

Several suggested that each of the 
physical levels be explained more 
fully. The physical containment sec- 
tion of the 1976 guidelines—and now 
of the PRG-NIH—is directly respon- 
sive to many of these commentators. 
In addition, the PRG-NIH takes into: 
account the more recent comments re- 
lated to standards for physical and 
biological containment. Commentators 
on the PRG-RAC have expressed par- 
ticular concern over (1) the flexibility 
which allows various combinations of 
containment safeguards, (2) the design 
of containment systems, and (3) the 
adequacy of training in laboratory 
safety practices. The Standing Adviso- 
ry Committee on Recombinant DNA 
Research of the European Molecular 
Biology Organization (EMBO) made a 
number of recommendations that NIH 
has considered, and public commenta- 
tors have proffered additional sugges- 
tions relating to specific levels of phys- 
ical containment and to shipment of 
recombinant DNA materials. These 
are examined below. 

Concept of “Flexibility.” Some com- 
mentators have expressed concern 
over the flexibility provided in Tables 
I and II that allows various combina- 
tions of containment. safeguards. For 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





example, some feel that work in a P3 
facility conveys a desirable sense of 
hazard, whereas a reduction to the P2 
level will promote an undesirable re- 
laxation of vigilance. it has also been 
suggested that an increase in the op- 
tions increases the difficulty of control 
and implementation of the guidelines. 
Some commentators object to specific 
options provided at the P3 and P4 
levels. NIH has been urged to include 
a better explanation of the rationale 
for this flexibility. 

Indeed, the calculus of switching 
physical and biological containment 
levels has been questioned. Does an in- 
crease in biological containment from 
EK1 to EK2 truly compensate a reduc- 
tion in physical containment from P3 
to.P2? 

The scale of either form of contain- 
ment from least to greatest is not nec- 
essarily linear, and substitutions are 
only roughly approximate. Neverthe- 
less, there are some numerical bases 
for comparison. 

For example, a class III biological 
safety cabinet is required at the P4 
level (if a positive pressure suit is not 
used); whereas at P3, one can work in 
an open-front biological safety cabi- 
net. The class III cabinet is virtually 
an absolute containment system. It is 
certified gas-tight when tested under 
positive pressure. It is operated under 
negative pressure to gain optimum 
safety. It provides at least a 10,000- to 
100,000-fold increase in safety over 
that provided by a Class I or II cabi- 
net, which is required at the P3 level. 

The relative safety of these two con- 
tainment cabinets is based on the effi- 
ciency of their exhaust-air treatment 
systems. The exhaust-air treatment 
for the class III cabinet is provided by 
two HEPA filters installed in series. 
This arrangement gives a containment 
efficiency of at least 99.99 percent. 
The exhaust-air treatment for class I 
and II cabinets, with only one HEPA 
filter, provides a containment efficien- 
cy of 99.99 percent. The potential for 
escape of microorganisms across the 
open front of the class I and II cabi- 
nets is similar to that for escape 
through the exhaust-air treatment 
system under operating conditions. 
These cabinets must meet a perform- 
ance criterion which permits fewer 
than 20 microorganisms to escape 
through the open front when 1x10* 
(100,000,000) to 8x10* (800,000,000) 
microorganisms are experimentally re- 
leased within the cabinet. The degree 
of protection provided by the class I or 
II cabinets is equivalent to the in- 
crease in safety at the P3 level over 
that provided at the Pl level which 
allows open-bench operations. 

The symbol HV (Host-Vector) is 
used in the PRG-NIH to designate 
biological containment systems encom- 
passing the present EK systems. HV2 
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is defined in terms of a probability of 
escape of recombinant DNA of less 
than 1 in 10% (1 in 100,000,000). in con- 
sidering “equivalency” between P and 
EK levels, it is recognized that the two 
systems are conceptually different. 
Biological safety cabinets are designed 
primarily for the protection of the lab- 
oratory worker, and all physical con- 
tainment protection stops at the walls 
of the laboratory. Biological contain- 
ment continues to operate even were 
an organism to escape from the labo- 
ratory. 

The flexibility allowed in alternate 
P and HV levels is carefully explained 
in the text of the PRG-NIH, and the 
investigator must follow the explicit 
requirements set forth in Part III of 
the proposed guidelines and Tables I 
and II. 

Redundancy. A question has been 
raised concerning redundancy in the 
safety systems to insure that alternate 
systems will come into play in case of 
an emergency—for example, power 
failures or major accidents. The con- 
cept of redundancy is inherent in the 
design of the containment systems 
used in recombinant DNA research. 
Redundancy, however, is provided by 
standby systems, but rather by design 
features and operational requirements 
of the safety systems used. For exam- 
ple, primary containment at the P4 
level is provided by the gas-tight class 
III cabinet system. These cabinets are 
also maintained under negative air 
pressure, which would provide protec- 
tion against the release of microrgan- 
isms in the event that a glove were to 
rupture or a leak to develop. Similarly, 
the physical isolation of the class III 
cabinet would not be compromised in 
the event of a power failure. However, 
since the redundant protection pro- 
vided by the negative pressure would 
be compromised, personnel would be 
instructed to stop work immediately 
during the power interruption. An- 
other example is the requirement that 
the exhaust and supply fans for P4 fa- 
cilities be interlocked. This assures 
that in the event of failure of the ex- 
haust fan, the supply fan will auto- 
matically shut down, preventing the 
pressurization of the laboratory envi- 
ronment. As with the class III cabinet 
example, personnel would stop their 


- work because of the loss of secondary 


protection provided by the ventilation 
systems. Operational procedures, 
therefore, become an important ele- 
ment in assuring safety in the event of 
any system failure. 

Institutions are required to devise 
emergency plans to handle possible 
problems. In response to recommenda- 
tions of the Environmental Protection 
Agency Study Group on Recombinant 
DNA and to concerns raised by com- 
mentators, NIH has stipulated more 
clearly (in the supplement to the 
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PRG-NIH entitled, “Laboratory 
Safety Monograph”) certain elements 
in these emergency plans. Moreover, 
NIH staff have recently met with rep- 
resentatives of the center for Disease 
Control (CDC) to establish a mecha- 
nism for providing advice, consulta-. 
tion, or assistance, if necessary, in case 
of an emergency, such as an accident 
in the laboratory. 

Laboratory safety. A number of com- 
mentators felt that the PRG-RAC was 
vague in regard to the training in 
safety of researchers, students, and 
janitors. It was urged that specific cur- 
ricula be developed and that a require- 
ment for certification of training be 
stipulated in the guidelines (a recom- 
mendation also made by the EPA 
Study Group on Recombinant DNA). 
It has been suggested, further, that 
NIH develop curricula for training. 

At the present time, NIH has a con- 
tract with the American Society for 
Microbiology (ASM) to develop mini- 
mum standards for training partici- 
pants in recombinant DNA research. 
The ASM Working Panel will consider 
what standards of training in micro- 
biologic techniques are appropriate for 
the conduct of experiment requiring 
Pl through P3 containment condi- 
tions. The Panel will solicit views from 
the scientific community to develop 
minimum requirements for training. 
The Panel’s report will be made availa- 
ble to the IBC’s and investigators to 
set standards for all who participate in 
this research. In view of these develop- 
ments, formal certification require- 
ments by NIH are considered prema- 
ture. 

Other commentators stressed the 
need for more stringent measures in 
regard to safe practices. In particular, 
these commentators urged regular 
monitoring of laboratory facilities, 
preferably at all P levels. This would 
include monitoring of microbiological 
practices, serological monitoring, and 
CDC review of incidence of infections. 
It was also suggested that regular in- 
spections be performed by -individuals 
not associated with the institution (to 
preclude conflict of interest); that the 
guidelines require a member of the 
work force to be represented on the in- 
stitutional biosafety committee; and 
that penalties (other than cutoff of 
funds) be imposed on violators as a de- 
terrent. I have accepted many of these 
proposals; the specific NIH actions in 
regard to them are discussed in Part 
IV of this document. 

Appendix D, “Supplementary Infor- 
mation on Physical Containment,” was 
added to the 1976 guidelines in re- 
sponse to numerous requests for great- 
er specificity in describing contain- 
ment requirements. Commentators 
noted the absence of this document 
from the PRG-RAC and urged that it 
be retained and further expanded. Ac- 
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cordingly, a special committee of 
safety and health experts was con- 
vened by W. Emmett Barkley, Ph. D., 
Director of the Office of Research 
Safety, National Cancer Institute, to 
review and revise this supplementary 
information. Several sections have 
been extensively rewritten, and new 
sections have been added: on evalua- 
tion methods for P3 facilities, certifi- 
cation procedures for P4 facilities, cer- 
tification of biological safety cabinets, 
emergency control procedures, medical 
surveillance programs, and other 
topics. This document is separately 
available as ‘Laboratory Safety Mono- 
graph—A Supplement to the NIH 
Guidelines for Recombinant DNA Re- 
search.” 

Other comments. A number of addi- 
tional comments have been received 
from public commentators relating to 
proposed actions at specific levels of 
physical containment. 

It has been suggested that certain 
requirements at the Pl level remain 
“permissive” rather than be changed 
to “mandatory”; i.e., that the language 
in the PRG-NIH read “should” rather 
than “shall.” NIH considers this incon- 
sistent with the stated principle of 
specifying requirements, and has 
therefore mandated adherence to 
these good microbiological practices. 

The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search has recommended that simple 
air exhaust cabinets be used at the Pl 
level when there is likelihood of pro- 
ducing large amounts of aerosols. In 
the view of NIH such cabinets are un- 
necessary, as the agents used at this 
level would not create aerosols hazard- 
ous to laboratory workers. 

A recommendation has been received 
from the EMBO Standing Advisory 
Committee on Recombinant DNA Re- 
search to reclassify P2 with a class III 
cabinet as equivalent to P3 specifica- 
tions. While this option was permitted 
in the 1976 guidelines, it is no longer 
considered practical. The cost of fabri- 
cating and installing class III cabinets 
would far exceed the cost of installing 
a new exhaust-air system for the labo- 
ratory. It is considered more cost-ef- 
fective and desirable to convert P2 lab- 
oratories into P3 laboratories. The 
elimination of the 1976 option should 
be viewed as an encouragement to up- 
grade laboratories. ; 

It has been observed that many class 
II safety cabinets do not meet accept- 
ed standards. A recommendation has 
been made that the local IBC be au- 
thorized to certify thtese cabinets, and 
that such a requirement be included in 
the guidelines. It should be noted that 
the guidelines already authorize IBC’s 
to certify safety practices and proce- 
dures; however, to respond more di- 
rectly to the above suggestion, a spe- 
cial section on certification of biologi- 
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cal safety cabinets has been included 
in the supplement to the PRG-NIH 
entitled ‘Laboratory Safety Mono- 
graph.” 

The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search observes that in the case of a 
P3 facility, the proposed revisions do 
not speak to precautions against the 
contamination of the main water sup- 
plies by laboratory water systems. It is 
noted that building codes and labora- 
tory design standards require that pre- 
cautionary measures be taken to sepa- 
rate potable water systems from labo- 
ratory process water. Additional pre- 
cautions have been required at the P4 
level. Standard design practice is felt 
to be appropriate at the P3 level. 

‘Some commentators have pointed 
out that the PRG-RAC did not re- 
quire an autoclave in the P3 labora- 
tory itself, but only within the build- 
ing. The 1976 guidelines require that 
for P3 laboratories an autoclave be 
available “within the building and 
preferably within the controlled labo- 
ratory area.” Some believe an auto- 
clave in the P3 laboratory should be 
required. One commentator felt that 
the autoclave should be “as close as 
possible” to the controlled area of the 
P3 laboratory, not merely available in 
the same building. He pointed out that 
from an operational point of view, the 
closer the autoclave can be to the solid 
waste, the better. This is especially 
true in the larger medical research 
complexes, where transport of wastes 
from the laboratory to the autoclave 
might involve passage “via some 
rather sensitive patient areas of the 
institution.” He prefers that the auto- 
clave be located either in the con- 
trolled area or as close to it as possi- 
ble, with such explicit language in the 
guidelines. The language in the 1976 
guidelines stating that in a P3 labora- 
tory “an autoclave shall be available 
within the building and preferably 
within the controlled laboratory area” 
has been reinserted in the PRG-NIH. 
However, an absolute requirement 
that the autoclave must be within the 
controlled area is not considered ap- 
propriate, since contaminated materi- 
als can be safely transported. Such a 
requirement would exclude the use of 
autoclaves in waste staging areas that 
have been conveniently sited to sup- 
port an entire facility. 

The PRG-RAC states that P4 work 
can be done in either (1) a class III 
cabinet system or (2) a class I or class 
II cabinet system in a special area 
where all personnel wear one-piece, 
positive-pressure suits. Some investiga- 
tors apparently prefer use of pressure 
suits over work in the class III cabi- 
nets. NIH believes that the suits are 
especially useful in working with ex- 
perimental animals in a P4 facility or 
with large amounts of material. At 


present, however, most recombinant 
DNA studies are handled more practi- 
cally in a class III without need for a 
suit. 

In 1976, several commentators advo- 
cated that NIH arrange for sharing ‘of 
P4 facilities, both by investigators 
from the NIH intramural program and 
from institutions supported through 
NIH awards. In response to these sug- 
gestions and those of recent commen- 
tators, we have arranged to make our 
recently established P4 facilities at the 
Frederick Cancer Research Center 
(Fort Detrick) available to outside sci- 
entists. 

Shipment. Some commentators have 
urged that stricter controls be re- 
quired on shipping recombinant DNA 
molecules in or out of the country. It 
has been recommended, for example, 
that shipping procedures differentiate 
between types of substances being 
transported. We wish. to emphasize 
that requirements for shipping organ- 
isms that contain recombinant DNA 
molecules are consistent with relevant 
Public Health Service, Department of 
Transportation, and Civil Aeronautics 
Board regulations, and are also in 
compliance with the World Health Or- 
ganization recommendations on the 
international shipment of biologic 
agents. It should be noted that organ- 
isms containing recombinant DNA 
molecules all require the same con- 
tainment conditions as for the most 
hazardous known agents. 

The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search recommends that before a ship- 
ment is made, the recipients of organ- 
isms containing recombinant DNA 
molecules should affirm to the donors 
that they are following the safety 
standards and practices of their coun- 
try. NIH considers this a sound recom- 
mendation and requires the following 
(as,stated in the NIH Guide for grants 
and contracts): 


All memoranda of understanding and 
agreement (MUA’s) submitted with compet- 
ing and noncompeting applications involv- 
ing recombinant DNA research must indi- 
cate that the principal investigator (pro- 
gram director, fellow, or candidate) agrees 
to comply with the NIH Guidelines and 
other specific NIH instructions pertaining 
to the proposed project. Included in the pro- 
visions are the following pertaining to ship- 
ment or transfer or recombinant DNA mate- 


A. Prior to shipment or transfer of recom- 
binant DNA materials to other Federally 
funded investigators within the United 
States, the sending laboratory shall obtain a 
letter from the requesting laboratory stat- 
ing that: ; 

1. Research involving recombinant DNA 
molecules shall be conducted in compliance 
with the NIH Guidelines and other NIH 
instructions, and that the requesting labora- 
tory shall not transfer the recombinant 
DNA materials to other laboratories; 

2. The requesting laboratory has been re- 
viewed by its Institutional Biosafety Com- 
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mittee which has certified that facilities, 
procedures, and the training and expertise 
of the personnel involved are adequate; 

3. An approve MUA with a certification is 
on file with the funding agency of the re- 
questing laboratory; 

4. A copy of this letter is on file with the 
requesting laboratory’s Institutional Bioha- 
zards Committee. 

B. Prior to shipment or transfer of recom- 
binant DNA materials to non-Federally 
funded investigators or institutions within 
the United States, the sending laboratory 
shall obtain a letter from the requesting 
laboratory stating items 1, 2, and 4 under A 
above. 

C. Prior to international shipment of re- 
combinant DNA materials, the sending labo- 
ratory shall obtain a statement from the re- 
questing laboratory stating that research in- 
volving recombinart DNA molecules shall 
be conducted in a :ordance with the con- 
tainment levels spe ified by the NIH Guide- 
lines, or applicable national guidelines if 
such have been adopted by the country in 
which the research is to be conducted, and 
that the requesting laboratory shall not 
transfer the recombinant DNA material to 
other laboratories. 

D. The sending laboratory shall maintain 
a record of ali shipments of recombinant 
DNA materials and shall provide NIH with 
a complete list of such shipments in the 
annual progess report for NIH grants and 
contracts. 


Mounth-pipetting at the P1 level. 
Both the 1976 guidelines and the 
PRG-RAC prohibit mouth-pipetting 
at the P2, P3, and P4 levels. For the 
Pl level, however, they state, ‘Al- 
though pipetting by mouth is permit- 
ted, it is preferable that mechanical 
pipetting devices be used. When pipet- 
ting by mouth, cotton-plugged pipettes 
shall be employed.” A number of com- 
mentators have urged that mouth-pi- 
petting be prohibited at the P1 level of 
physical containment. This is strongly 
endorsed by NIH safety experts, who 
point out that this is an important 
safety feature, and that efficient new 
mechanical pipetting aids should not 
greatly hamper researchers. Also, the 
EMBO Standing Advisory Committee 
on Recombinant DNA Research “be- 
lieves that mouth pipetting should be 
prohibited in the P1 laboratory, as it is 
prohibited in P2-P4 laboratories.” In 
addition, the Working Group of 
American virologists which met on 
April 6-7, 1978, to review the report of 
the U.S..EMBO Workshop to Assess 
Risks for Recombinant Experiments 
Involving the Genomes of Animal, 
Plant, and Insect Viruses! wrote the 
following in their report: 


In its deliberations, the Working Group 
was impressed with the safeguards afforded 
by a ban on mouth pipetting for recombin- 


'The history of the U.S..-EMBO Work- 
shop and the April 6-07, 1978, working 
group is discussed in detail in Pt. III of this 
document under the heading ‘““Recombinant 
DNA Experiments Involving Viral DNA” 
and the report of the working group ap- 
pears as App. E to the accompanying envi- 
ronmental impact assessment. 
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ant DNA experiments involving E. coli K-12 
host-vectors. The group felt that the only 
plausible way E. coli K-12 could gain entry 
into laboratory workers was by oral inges- 
tion. The analysis contained in the U.S.- 
EMBO Report was predicated on the 
remote possibility that E. coli K-12, con- 
taining eukaryotic viral DNA, would be 
swallowed and the viral DNA insert would 
be delivered to a tissue in the body which 
ordinarily would be inaccessible to the virus. 
A prohibition of mouth pipetting would 
clearly prevent this sequence of events from 
even beginning. The Working Group there- 
fore recommended that nd mouth pipetting 
be allowed at any level of physical contain- 
ment (including P1) when working with E. 
coli K-12. ° 


On the other hand, when I request- 
ed that the RAC, at their April 27-28, 
1978, meeting reconsider whether 
mouth pipetting should not be banned 
at the P1 level, it was their consensus 
that many experiments classified as 
Pl need not include a ban on mouth- 
pipetting, and that therefore Pl in 
general should not be redefined. In- 
stead, they recommended that only 
certain classes of Pl experiments be 
designated as requiring no mouth-pi- 
petting. 

In resolving this issue, I have decid- 
ed to adopt the conservative position 
and ban mouth-pipetting. Accordingly, 
language has been inserted in the 
PRG-NIH saying that at the P1 level, 
“Mechanical pipetting devices shall be 
used; pipetting by mouth is prohibit- 
ed.” Since mouth-pipetting had al- 
ready been banned at the P2-P-4 
levels, this means that it is now 
banned for all experiments covered by 
these guidelines. 


BIOLOGICAL CONTAINMENT 


Review of RAC-proposed guidelines 

Experiments on recombinant DNA’s 
by their very nature lend themselves 
to applications of highly specific bio- 
logical barriers as a means of contain- 
ment. In fact, there are natural’ bar- 
riers that limit either the infectivity of 
a vector or vehicle (plasmid or virus) 
to specific hosts, or its dissemination 
and survival in the environment. Both 
the vectors whereby DNA is trans- 
ferred to the recipient host and the 
host cells wherein it replicates can be 
designed genetically to decrease by 
many orders of magnitude the prob- 
ability of dissemination of recom- 
binant DNA outside the laboratory. 

The proposed revised guidelines de- 
scribe the categories of hosts and vec- 
tors to be used in minimizing the 
spread of organisms containing recom- 
binant DNA. The PRG-RAC differs in 
some respects from the 1976 guidelines 
as a result of certain changes in defini- 
tions of HV systems and in the re- 
quirements at specific HV levels (nota- 
bly HV3). A new section has been 
added on certification of host-vector 
systems. : 
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Definitions of host-vector systems. A 
new nomenclature—HV1, HV2, and 
HV3—has been developed to incorpo- 
rate a variety of hosts and vectors into 
the framework initially established for 
E. coli K-12. In particular, the PRG- 
RAC provides criteria for HV1 systems 
other than E. coli K-12. In the 1976 
guidelines, cloning systems other than 
E. coli K-12 were to be considered 
only if superior to E. coli K-12 in con- 
tainment properties; but it is now rec- 
ognized that many useful experiments 
can only be conducted using HV sys- 
tems other than those based on E. coli 
K-12, and that such experiments 
should be permitted so long as the 
proposed HV system provides equiva- 
lent biological containment. The new 
HV1 criteria provide a structure for 
approval of systems that meet these 
requirements.°* 

HV2 systems. AT the HV2 level of 
containment, there are no substantive 
changes comparing the 1976 guidelines 
with the PRG.RAC. However, the 
RAC, on June 23, 1977—the same day 
it approved the PRG-RAC—also 
adopted unanimously “Instructions to 
Investigators Concerning Data To Be 
Submitted on Host-Plasmid Systems 
Proposed for EK2 Certification.” Al- 
though not officially part of the PRG- 
RAC, these instructions set forth cri- 
teria that any putative EK2 host- 
vector systems must meet before rec- 
ommendation by the RAC for certifi- 
cation. The RAC applied these criteria 
in reviewing new systems (pBR322 and 
PBR313 in x1776) at the June 23, 1977, 
meeting, and will do so for all future 
submissions. It was made clear at the 
meeting that these criteria are defi- 
nitely more stringent than previous 
ones, and this greater stringency 
means that EK2 host-vector systems 
approved now and to be approved in 
the future are even safer than those 
approved previously. 

Requirements for HV3_ systems. 
These have been made more stringent 
in the PRG-RAC than the corre- 
sponding requirements for EK3 in the 
1976 guidelines. The PRG-RAC re- 
quires that the vector be dependent on 
its propagation host or be highly de- 
fective in mobilizability. ‘(Reversion to 
host-independence must be less than 
Yo8 per vector genome per genera- 
tion.” Also, the vector may carry no 
resistance to antibiotics used clinically 
or in agriculture. The provision that 
antibiotic resistance markers of medi- 
cal or agricultural importance are not 
to be used in the vector should pre- 
vent any inadvertent advantage for re- 
combinant DNA-bearing vectors that 
encounter antibiotics in the environ- 
ment. 


%Under the proposed revisions, HV1s 
other than E. coli K-12 need not offer a dis- 
tinct advantage over E. coli K-12 host-vec- 
tors, need not be capable of modification to 
HV2 and HV3, and need not be class I etiolo- 
gic agents. 
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Certification of host-vector systems. 
A new section has been added detail- 
ing the responsibility for certification 
of HV1, HV2, and HV3 systems, the 
types of data to be submitted, and the 
mechanisms for distributing strains 
once certified. The section delineates 
procedures used by the RAC for the 
past 2 years and therefore represents 
no change from practices under the 
1976 guidelines. : 


Review of comments and NIH-pro- 
posed guidelines 

I have reviewed the biological con- 
tainment section of the PRG-RAC in 
_ the light of comments and suggestions 
made by participants of the Director’s 
Advisory Committee (DAC) as well as 
written comments received before and 
afterward, and have adopted the rec- 
ommendations of the PRG-RAC with 
some revisions. An analysis of the spe- 
cific issues raised by commentators 
and the basis for my decision follow. 

Development of Alternative Host- 
Vector Systems. Many commentators 
from the scientific community believe 
that the PRG-RAC discriminates 
against alternate host-vector systems 
other than E. coli K-12. They urge de- 
velopment of other systems, maintain- 
ing that new systems will be needed 
increasingly, both in pure research 
and in industry, and should be certi- 
fied as soon as possible. It is unlikely, 
according to one commentator, that 


agriculture will best be served through - 


the use of E. coli K-12 (or B. subtilis), 
and that alternate host-vector systems 
are therefore essential if the potential 
of recombinant DNA technology for 
agriculture is to be realized. In view of 
the support evident at the 1976 DAC 
meeting for NIH to encourage develop- 
ment of alternate host-vector systems, 
one commentator expressed disap- 
pointment that there was not now a 
large NIH contract program in this 
area. 

Others view the introduction of al- 
ternate HV systems with some misgiv- 
ings. It was pointed out, for example, 
that if uncertainty continues to sur- 
round research with so well-studied an 
organism as E. coli K-12, our igno- 
rance must be that much greater with 
regard to any other organism—its eco- 
logical involvement, the organisms 
with which it can exchange DNA, etc. 
Moreover, the guidelines, which have 
been developed around the use of E. 
coli K-12, are primarily focused on 
dangers to man, and the introduction 
of new systems may affect other life 
forms with which we should be equal- 
ly concerned. In the view of commen- 
tators who urge restraint, the larger 
the number of systems certified, the 
greater the problem of monitoring the 
work. 

Clearly, however, research addressed 
to the development of other host- 
vector systems must proceed. This is 


NOTICES 


particularly evident in the agricultural 
sector, where the potential for imme- 
diate benefits to man is great. At pres- 
ent, a number of alternate systems, in- 
cluding those using B. subtilis and 
Saccharomyces cerevisiae, are being 
developed by NIH grantees. The inter- 
est shown by numerous investigators 
in developing new host-vector systems 
means that NIH need not develop a 
special program to promote research 
in this area. 

I appreciate and understand the con- 
cern of those who urge deliberate cau- 
tion. I would stress that the same con- 
siderations of safety and risk associat- 
ed with the use of E. coli K-12 will 
also apply to any new host-vector sys- 
tems to be certified in the future. 

Risk Assessment. Many commenta- 
tors advocate more studies in risk as- 
sessment. It has been maintained that 
assumptions about biological contain- 
ment may not be valid and that all 
components should be tested. Concern 
has been expressed that the biological 
containment safety systems may fail 
altogether. 

Some risk assessment studies are 
prohibited by the 1976 guidelines. 
Under the PRG-RAC, however, the 
Director, NIH, on recommendation of 
the RAC, would have discretion to 
permit such risk assessment experi- 
ments by granting a waiver from a spe- 
cific prohibition. There was virtually 
unanimous support for this discretion 
at the DAC hearing in December 1977. 


._Of course, its exercise must be consist- 


ent with standards of due process for 
the scientific community and the 
public. 

Risk assessment studies are proceed- 
ing both within and outside the 
United States. For example, the “po- 
lyoma” experiment,‘ which was de- 
layed in this country because of litiga- 
tion and the renovations necessary to 
meet the extremely stringent P4 re- 
quirements, has now begun here, and 
a similar experiment is proceeding in 
Europe. The work of Robin Holliday 
in assessing statistical probabilities of 
biological accidents is also noteworthy 
(see appendix P of the October 1977 
Environmental Impact Statement). 

NIH is committed to the conduct 
and support of risk analysis studies to 
determine the extent to which certain 
potentially harmful effects from re- 
combinant DNA molecules may occur. 
It is intended that the NIH P4 facili- 
ties both in Bethesda, Md., and at the 
Frederick Cancer Research Center will 
serve as a focal point for many such 


‘Two NIH virologists, Drs. Wallace Rowe 
and Malcoim Martin, are linking viral DNA 
from the mouse polyoma virus with the 
DNA of bacterial plasmids and bacterio- 
phages and inserting this recombined DNA 
into a weakened strain of E. coli. The bacte- 
ria will then be injected into or fed to mice 
te determine the effects, if any, of the viral 
DNA. . 


studies. Provision has already been 
made to share these facilities with 
non-governmentai scientists. 

It should be stressed that prior to 
certification as EK2, each candidate 
EK2 host-vector system is analyzed in 
great detail by the RAC and NIH. 
Much data must be submitted, a good 
deal of which is risk assessment data. 

Safety of E. Coli K-12. In 1976, there 
was considerable comment regarding 
the use of E. coli K-12 as a host, in- 
cluding recommendations that its use 
be prohibited. Some recent commenta- 
tors have also questioned the safety of 
E. coli K-12, noting that the Fal-— 
mouth Workshop proceedings had not 
been published for public review. On 
the other hand, one commentator 
urged that, base on the safety of E. 
coli K-12, essentially all experiments 
employing E. coli K-12, be exempted 
from the Guidelines. An extensive dis- 
cussion of E. coli K-12 together with 
new scientific information on _ its 
safety are presented in part ITI of this 
document and in a special section of 
the Environmental Impact Assess- 
ment. 

The proceedings of the Falmouth 
Workshop have now been published in 
the May 1978 issue of Journal of In- 
fectious Diseases. Reprints are availa- 
ble from the Office of Recombinant 
DNA Activities, NIH, Bethesda, Md. 
20014. As noted in a letter of July 14, 
1977, from Dr. Sherwood Gorbach, 
moderator of the Falmouth Workshop 
and Chief of Infectious Disease and 
Professor of Medicine at Tufts Univer- 
sity School of Medicine, “The partici- 
pants arrived at unanimous agreement 
that E. coli K-12 cannot be converted 
into an epidemic pathogen by labora- 
tory manipulations with DNA inserts.” 

Comments on Specific Containment 
Levels. One commentator sought clari- 
fication of section II-D-l-a of the 
PRG-RAC, which defines HV1. Ac- 
cording to the second sentence, “The 
host should have a low potential for 
survival in its natural environment.” 
As the commentator noted, “ ‘natural 
environment’ could be ambiguous, in 
practice. Presumably many of the host 
cells that people may wish to use have 
no natural environment other than 
the laboratory.” I referred this com- 
ment to the RAC at its April 27-28, 
1978, meeting. The RAC agreed that 
this sentence is ambiguous and recom- 
mended that it be deleted. I have done 
so in the PRG-NIH. 

A question was raised on whether 
HV1 hosts could be wild type organ- 
isms or if they are always “‘meant to 
harbor containment mutations.” If 
wild type organisms can qualify as 
HV1, then the definition of HV1 
should be reworded to state this ex- 
plicitly. The answer to the question is 
that if wild type organisms meet the 
criteria for HV1, they may be certified 
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as HV1.' However, I see no need to 
modify the definition to state this ex- 
plicitly. 

One commentator thought’ the 
standards for HV1 should be signifi- 
cantly relaxed and that NIH approval 
should not be necessary. He proposed 
that the Guidelines state that ‘wild 
type isolets of any bacterial species 
not known to be pathogenic to 
humans, to domestic animals, or to ag- 
riculturally important plants may be 
used as an HV1 host-vector system, 
provided that all components of re- 
combinant DNA molecules introduced 
into such a host-vectcr system, are de- 
rived from other prokaryotic organ- 
isms within Etiologic Agent Class 1.” I 
have rejected this suggestion since I 
believe it prudent, at least for the 
present, to have higher standards and 
to require NIH approval before a 
system may be called HV1. Some com- 
mentators have urged that the re- 
quirement for independent confirma- 
tion of relevant phenotypic and geno- 
typic traits before certification at the 
HV3 level should also be applied at the 
HV2 level. There are two objects of 
such testing: (1) To determine wheth- 
er a system already approved has 
changed its characteristics before a 
new sample of it is distributed (for ex- 
ample, whether the amber mutations 
for phage systems are still present), 
and (2) to repeat independently all the 
safety tests required before each new 
system would be certified. The first 
could be done easily and is sufficient 
to confirm the safety characteristics; 
the second is cumbersome and diffi- 
cult. It should be pointed out that the 
RAC and its working groups that 
review the data on proposed HV2 sys- 
tems are, in effect, conducting an inde- 
pendent check and know this area of 
research well. Further, the Committee 
may request that additional experi- 
mental data be submitted as part of its 
review. NIH believes these controls to 
be sufficient. Consequently, the re- 
quirement for an independent check 
at the HV2 level is deemed unneces- 
sary. 

For the HV3 level of containment, 
some objections have been raised to 
the requirement banning antibiotic-re- 
sistance markers. Antibiotic resistance 
can serve as a valuable marker in ex- 
periments with organisms bearing re- 
combinant DNA. The ban at the HV3 
level, however, is prudent inasmuch as 
organisms rendered antibiotic resis- 
tant would be less amenable to control 
should they escape from the labora- 
tory. This requirement also allows 
only a certain class of certified HV2 
systems to qualify for HV3. Therefore, 
attempts to develop systems that meet 
these HV3 criteria should simulta- 
neously upgrade the HV2 systems in 
use, since it is to the experimenter’s 
advantage to use those HV2 systems 


NOTICES 


with the greatest likelihood of meet- 
ing HV3 criteria. 

Certification. A number of commen- 
tators have urged more precise criteria 
for biological containment systems. 
They feel that criteria should be as ob- 
jective as possible and should be 
framed in terms of performance, as in 
the case of physical containment (for 
example, safety cabinets). It should be 
stressed that specific objective criteria 
do exist for EK2 host-vector systems. 
These, however, do not appear in the 
Guidelines themselves, but rather as 
information in the Environmental 
Impact Statement, Appendix H, enti- 
tled “Certification of EK2 Host-Vector 
Systems.” To insure that detailed ma- 
terial on certification of host-vector 
systems is readily accessible, NIH will 
publish. specific criteria in a standar- 
ized format in the Recombinant DNA 
Technical Bulletin. Specific instruc- 
tions concerning the type of data to be 
submitted to NIH for proposed EK2 
systems involving either plasmids or 
bacteriophage lambda in E. coli K-12 
are available from the NIH Office of 
Recombinant DNA Activities, and a 
statement to this effect is included in 
the PRG-NIH. 

Many problems persist for setting 
general criteria that could be applied 
to all organisms for possible certifica- 
tion as HV2 and HV3. For example, 
with B. subtilis, which forms spores, 
safety would depend on nonsporulat- 
ing derivatives. Some commentators 
urged that all new systems be certified 
with deliberate caution, and that crite- 
ria and evidence should be a matter of 
public record before decisions are 
made. The B. subtilis system was cited 
as a case in point; extensive public 
analysis and debate should precede 
certification. 

I agree that prior notification to the 
public in the FEDERAL REGISTER should 
be given when the RAC considers ap- 
plications for certification. (It should 
be noted that all meetings of the RAC 
are announced in the FEepERAL REcIs- 
TER.) I also agree with the suggestion 
that the RAC should have a more 
fixed schedule of meetings throughout 
the year so that the public and scien- 
tific communities may know the 
schedule of events clearly. 

The entire section (II-D-2-a) on re- 
sponsibility for certification of host- 
vector systems has been rewritten in 


‘the PRG-NIH to clarify this process. 


Distribution of Certified Host-Vec- 
tors. Some commentators have sug- 
gested that NIH distribute HV1 sys- 
tems as well as HV2 and HV3 systems. 
Language has been placed in the 
PRG-NIH indicating that, where ap- 
propriate, HV1 systems other than E. 
coli K-12 may be sent by NIH to inves- 
tigators. 

Concern has been expressed about 
culture contamination and how this 
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problem would be addressed. The 
PRG-NIH provides that if NIH propa- 
gates any of the host strains or 
phages, it will not distribute the cul- 
ture before sending a sample to the in- 
vestigator who developed the system 
or to an appropriate contractor for 
verification that ‘“‘the material is free 
from contamination and unchanged in 
phenotypic properties.” The PRG- 
NIH also assigns to the investigator 
the responsibility.for “insuring the in- 
tegrity of physical containment (e.g., 
biological safety cabinets) and biologi- 
cal containment (e.g., genotypic and 
phenotypic characteristics, purity, 
etc.).” 

Distribution of certified host-vector 
systems has raised comment relating 
to the protection of proprietary infor- 
mation and patent rights, for this sec- 
tion of the Guidelines seems to man- 
date distribution and might conflict 
with patent protection. NIH has care- 
fully considered such protection. Lan- 
guage has been included in the PRG- 
NIH (in section IV-C) allowing RAC 
review for certification at the request 
of the private sector. The language 
notes, however, that interested indi- 
viduals should consider filing for 
patent protection before submitting 
information to. DHEW. To be consist- 
ent with the institutional patent 
agreement policies of the Department 
of Health, Education, and Welfare, 
support is accorded the concept of pro- 
tection of proprietary and patent 
rights within the bounds of due proc- 
ess for public review. 


III. CONTAINMENT GUIDELINES FOR 
COVERED EXPERIMENTS 


REVIEW OF RAC-PROPOSED GUIDELINES 


A major concern of all individuals 
who have participated in establishing 
guidelines for recombinant DNA re- 
search is that any guidelines that are 
drafted and adopted be reassessed pe- 
riodically and changes made when 
warranted by new information and/or 
experimental data. In keeping with 
this responsibility, the RAC compiled 
additional information pertaining to 
risk assessment in recombinant DNA 
research. This information is in the 
following forms: 

1. Consultations with scientists with 
expertise in the areas of evolution, 
plant biology, bacteriology, virology, 
and human and animal infectious dis- 
eases; 

2. Reports from scientific meetings 
dealing with the potential biohazards 
of recombinant DNA research (for ex- 
ample, the Tenth Miles International 
Symposium on Recombinant Mole- 
cules—Impact on Science and Society, 
Cambridge, Mass., June 1976; the Na- 
tional Academy of Sciences Forum on 
Recombinant DNA Research, Washing- 
ton, D.C., March 1977; Genetic Engi- 
neering for Nitrogen Fixation, Brook- 
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haven, N.Y., March 1977; and the 
Workshop on Studies for Assessment of 
Potential Risk Associated with Recom- 
binant DNA Experimentation, Fal- 
mouth, Mass., June 1977); 

3. Results from experiments specifi- 
cally designed to test (a) the survivabi- 
lity and colonizing ability of E. coli K- 
12 and EK2 host-vector systems, (b) 
the transmissibility of plasmids and 
phage vectors, (c) the potential of E. 
coli K-12 for pathogenicity, and (d) 
the potential of genetic exchange be- 
tween diverse bacteria and between 
eukaryotic and prokaryotic organisms. 

Each category of experiments in 
part III of the original guidelines was 
then extensively examined, applying 
the following criteria to the new infor- 
mation: 


@ The degree to which the DNA seg- 
ment has been purified away from 
other genes and shown to be free of 
harmful characteristics; 

@ The potential biohazard associat- 
ed with the DNA of the cell or micro- 
organism that serves as the DNA 
source (e.g., genes for toxin produc- 
tion); 

@ The potential biohazard associat- 
ed with the vector that serves to trans- 
mit the source DNA to a recipient host 
cell; 

@ The ability of the vector to sur- 
vive in natural environments or habi- 
tats; 

* @ The kinds and number of differ- 
ent organisms that are susceptible to 
infection by the vector or recipient; 

@ The potential biohazard of the re- 
cipient host cell that serves to repli- 
cate the recombinant DNA molecule; 

@ The ability of the recipient cell to 
survive in natural environments of 
habitats; 

@ The ability of the recipient cell to 
transmit the recombinant DNA mole- 
cule to other cells capable of surviving 
in natural environments or habitats; 

@ The potential of the recipient cell 
to obtain the source DNA by natural 
means; and 

@ The evolutionary relatedness of 
the DNA source to humans. The po- 
tential dangers are considered to in- 
crease as the organism providing the 
source DNA approaches humans phy- 
logenetically. Thus, source DNA from 
primate cells is considered to have 
greater potential danger than source 
DNA from prokaryotes. 


To present more clearly the changes 
in containment levels proposed by the 
PRG-RAC, a table was prepared for 
use at the December 1977 meeting of 
the Advisory Committee to the Direc- 
tor, which compared the containment 
levels in the PRG-RAC with those of 
the 1976 guidelines. This table has 
now been expanded with a third 
column to show the containment 
levels of the proposed revised guide- 
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lines which are now being proposed by 
NIH (called PRG-NIH). The table ap- 
pears as appendix A to the accompa- 
nying Environmental Impact Assess- 
ment. ai 

The remainder of this section sum- 
marizes a number of the proposed 
changes comparing the 1976 guidelines 
with the PRG-RAC. (Not all the 
changes are discussed here; certain 
items in which the PRG-NIH differs 
significantly from the PRG-RAC are 
considered below in the section enti- 
tled “Review of Comments and NIH 
Proposed Guidelines.”) The numbers 
in parentheses indicated the line num- 
bers on the table to which the pro- 
posed revision applies. 

The principal changes reflected in 
the table are as follows: 


@ Several categories of experiments 
(primarily those involving prokaryotes 
that are exchangers of genetic infor- 
mation with E. coli nm nature) are no 
longer subject to the provisions of the 
PRG-RAC due to the changes in the 
definition. (See lines 20, 21, 27, 46, and 
47.) 

@ Shotgun experiments involving 
birds and mammals other than pri- 
mates were the subject of lowering of 
containment from P3+EK2_ to 
P2+EK2. This action reflects the in- 
creased confidence of the RAC in the 
EK2 host-vector systems. (See lines 4 
and 5.) 

e Another category which the RAC 
decided was in need of revision was 
that pertaining to the cloning of DNA 
from organisms producing a_ toxic 
product. This was clarified in the 
PRG-RAC by specifying whether or 
not polypeptide toxins are produced, 
and setting containment levels accord- 
ingly. Polypeptide toxins are specified, 
since they might be encoded by a 
single gene or cluster of genes. Toxins 
of other chemical structure would not 
result from a single gene or cluster of 
genes. (See lines 8, 9, 10, 11, 12, 16, 17, 
and 19.) 

@ For several categories of experi- 
ments, it is proposed that the investi- 
gator have the option of working at 
P2+EK1 or P1+EK2 rather than the 
P2+EKi levels previously specified. 
This again reflects confidence in the 
EK2 systems. (See lines 7, 14, and 15.) 

e@ The lowering of containment for 
experiments with rigorously charac- 
terized clones free of harmful genes 
was revised to provide more fexibility. 
Under the PRG-RAC, institutional 
biosafety committees (IBC’s) would be 
able to lower containment by a single 
level. The IBC should consider the 
purity, extent of characterization, and 
harmiessness of the clone before al- 
lowing such lowering. Reduction of 
containment by more than one level 
would require approval by NIH. Under 
the 1976. guidelines, NIH had the 
option of lowering containment down 


to certain specified levels or not lower- 
ing it at all. The PRG-RAC would 
allow NIH to consider all available 
data for the clone and to lower con- 
tainment accordingly. 

In addition, the section now applies 
to rigorously characterized clones 
from any permissible experiment in E. 
coli K-12. Under the original guide- 
lines, containment for £. coli K-12 
clones containing characterized and 
harmless portion of viruses and plas- 
mids could not be lowered. 

The rationale for these proposed 
changes is explained in further detail 
in the Environmental Impact Assess- 
ment. 


REVIEW OF COMMENTS AND NIH PROPOSED 
GUIDELINES (GENERAL) 

Rationale 

Part III of the guidelines received 
the most extensive comment of any 
section during the development of the 
original guidelines in early 1976. While 
there was also much discussion of this 
part in the PRG-RAC, the issues 
raised did not primarily address the 
proposed changes in the containment 
levels but more general topics such as 
the need for a rationale for each of 
the changes. é 

A number of. commentators asked 
that the rationale for the classifica- 
tion of pemissible experiments be 
clearly spelled out. It was pointed out 
that (1) the part on permissible ex- 
periments is especially difficult for a 
lay person to understand, (2) the 
whole categorization is dependent 
upon investigatorial confidence rather 
than documented fact, and (3) the 
quantification of containment levels, 
the means by which the levels were 
decided, and the rationale for raising 
and lowering these levels are not clear. 

In general, the classification may 
appear somewhat arbitrary, because it 
depends in large part on the scientific 
judgment of the RAC rather than on 
demonstrable risk, since there is actu- 
ally no scientific evidence of hazard in 
any recombinant DNA experiment. 

The rationale for classifying differ- 
ent recombinant DNA experiments at 
different containment levels was ex- 
plained in the “Decision of the Direc- 
tor, National Institutes of Health, To 
Release Guidelines for Research on 
Recombinant DNA Molecules,” which 
was published along with the current 
guidelines in the FEDERAL REGISTER On 
July 7, 1976, as follows: 


The guidelines assign different levels of 
containment for experiments in which DNA 
from different sources is to be introduced 
into an E. coli K-12 host-vector system. The 
variation is based on both facts and assum- 
tions. There are some prokaryotes (bacteria) 
which constantly exchange DNA with E£. 
coli. Here it is assumed that experimental 
conditions beyond those obtained in careful, 
routine microbiology laboratories are super- 
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fluous, because an exchange experiments 
have undoubtedly been performed already 
in nature. 

In every instance of artificial recombina- 
tion, consideration must be given to the pos- 
sibility that foreign DNA may be translated 
into protein (expressed), and also to the pos- 
sibility that normally repressed genes of the 
host may be expressed and thus change, un- 
desirably, the character#stics of the cell. It 
is assumed that the more similar the DNAs 
of donor and host, the greater the probabil- 
ity of expression of foreign DNA, or of pos- 
sible derepression of host genes. In those 
cases where the donor exchanges DNA with 
E. colt in nature, it is unlikely that recom- 
bination experiments will create new genet- 
ic combinations. When prokaryote donors 
not known to exchange DNA with E. coli in 
nature are used, however, there is a greater 
potential for new genetic combinations to be 
formed and be expressed. Therefore, it is re- 
quired that experiments involving prokaryo- 
tic DNA from a donor that is not known to 
exchange DNA with E. coli in nature be car- 
ried out at a higher level of containment. 
Recombination using prokaryotic DNA from 
an organism known to be highly pathogenic 
is prohibited. 

There are only limited data available con- 
cerning the expression of DNA from higher 
forms of life (eukaryotes) in £. coli (or any 
other prokaryote). Therefore, the contain- 
ment prescriptions for experiments insert- 
ing eukaryotic DNA into prokaryotes are 
based on risks having quite uncertain prob- 
abilities. 

On the assumption that a prokaryote host 
might translate eukaryotic DNA, it is fur- 
ther presumed that the product of that for- 
eign gene would be most harmful to man if 
it were an enzyme, hormone, or other pro- 
tein that was similar (homologous) to pro- 
teins already produced by or active in man. 
An example is a bacterium that could pro- 
duce insulin. Such a “rogue” bacterium 
essa be of benefit if contained, a nuisance 

dangerous if capable of surviving 
ra nature. This is one reason that the 
higher the phylogenetic order of the eukar- 
yote, the higher the recommended contain- 
ment, at least until the efficiency of expres- 
sion of DNA from higher eukaryotes in pro- 
karyotes can be determined. 

There is a second, more concrete reason 
for scaling containment upward as the eu- 
karyote host becomes similar to man. This 
is the concern that viruses capable of propa- 
gating in human tissue, and possibly causing 
diseases, can contaminate DNA, replicate in 
prokaryote hosts and infect the experimen- 
talist. Such risks are greatest when total 
DNA from donor tissue is used in “‘shotgun” 
recombinant experiments; it diminishes to 
much lower levels when pure cloned DNA is 
used. 


The structure of the classification 
for permissible experiments is based, 
therefore, on assumptions governing 
potential risk. It should be emphasized 
again that although recombinant DNA 
experiments have now been performed 
for over five years in hundreds of labo- 
ratories throughout the world with 
hundreds of thousands of different re- 
combinant DNA molecules produced, 
no case of hazard has been demon- 
strated. 

Part III of the guidelines assigns to 
each specified class of experiments. a 
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level of physical containment and a 
level of biological containment at 
which the experiment shall be per- 
formed. As noted before, there is 
10,000- to 100,000-fold protection in 
going from a class I or II biological 
safety cabinet to a class III biological 
safety cabinet (i.e., from P3 to P4). 
Similarly, in going from P1 to P3 there 
may be a 10,000- to 100,000-fold in- 
crease in safety. For biological con- 
tainment, there is the criterion for 
HV2 systems that “escape of the re- 
combinant DNA either via survival of 
the organisms or via transmission of 
recombinant DNA to other organisms 
should be less than 1/10° under speci- 
fied conditions.” However, that crite- 
rion is not relative to the HV1 host- 
vector systems but absolute; thus, this 
might be a characteristic found for 
some host-vectors in the HV1 system, 
but it is mandated for all HV2 sys- 
tems. This level was chosen, it was 
pointed out, because it represents a 
practical limit which one can measure 
experimentally. 


Use of E. coli K-12 


A number of comments were made 
concerning the use of E. coli host- 
vector systems. It was observed that 
because E. coli K-12 is currently a 
“poor” pathogen doesn’t mean that it 
might not be converted to a “good” 
pathogen with the addition of one or 
two genes; the enfeebled nature of £. 
coli K-12 “is presumably the conse- 
quence of mutation(s) introduced 
during its laboratory passage,” but 
that perhaps different strains of K-12 
with different histories may not ali be 
similarly enfeebled. 

Further, it was claimed that the fail- 
ure to convert K-12 to a pathogen by 
the use of certain plasmids or Salmo- 
nella genes is not definitive; to be de- 
finitive, we must have the detailed 
nature of the mutaiions in K-12 
“which prevent the expression of 
pathogenicity.” Also, it was noted that 
there is no way to assess the absolute 
risk associated with these experi- 
ments, and that it is important to 
assess the potential harm not only to 
man but to plants, animals, and the 
enviroment. 

Another commentator urged that 
this section be supplemented with the 
evidence from the Falmouth Confer- 
ence to show that the potential risk is 
minimal. A commentator cited the po- 
tential risk on the basis that “virtually 
any highly conserved physiologically 
active eukaryotic. protein * * * or frag- 
ment thereof could be highly toxic 
when introduced out of context by a 
bacterium which received the appro- 
priate gene in a recombination experi- 
ment.” This criticism of the FE. colt K- 
12 system does not detract from the 
scientific. knowledge over the past two 
years of the great safety of this 
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system. This evidence is presented ir 
detail in the Environmental Impaci 
Assessment. I agree that different 
strains of K-12 with different historie: 
may not all be similarly enfeebled anc 
that failure to convert K-12 to a path. 
ogen to date does not prove it car 
never happen. However, the safety oi 
E. coli K-12 has been clearly shown 
and there is no need to limit or specify 
particular strains for EK1. After 30 
years of work with many different 
strains, there is still no known patho- 
genic E. coli K-12 strain. Thus, there 
is presumptive evidence that all K-12 
strains are safe. They are well suitec 
for laboratory experiments because 
they take up DNA easily, but their cel) 
wall makes them unsuited to compete 
in nature with wild-type E. coli. 

On the basis of the Falmouth Con- 
ference (which is discussed further in 
the Environmental Impact Assess. 
ment), the conclusion can be drawn 
that it is essentially impossible for E. 
coli K-12 to be transformed by recom- 
binant DNA into a wild-type, patho- 
genic E. coli. An E. coli K-12 contain- 
ing toxic genes through recombination 
could theoretically present a risk to a 
laboratory worker who accidentally in- 
gested it; but it would only be to thai 
laboratory worker. There is evidence 
to show that harmful genes will have 3 
very low probability of being trans. 
ferred from E. coli to another organ- 
ism. The plasmids used at the HV2 
level are engineered so that they nei- 
ther self-transfer nor transfer when 
another plasmid induces conjugation 
Thus, the high degree of safety of this 
system is clear and explains why it is 
preferable to any other host-vector 
system at present. 


General Classification 


Disagreement was expressed over 
whether the PRG-RAC was too strin 
gent or too lax. Those arguing the 
former position maintain that the 
guidelines should be relaxed even fur- 
ther because all the experimental evi- 
dence gathered and analyzed in the 
past 2 years indicates that the initial 
fears concerning the potential hazards 
were extremely exaggerated; more- 
over, the benefits to be derived from 
the research are great. Also, it is 
pointed out that recombinant DNA ex- 
periments not allowed under the cur- 
rent NIH guidelines are proceeding 
with the approval of responsible na- 
tional committees in a number of Eu- 
ropean countries. Those opposing this 
view argue that there is a lack of ex- 
perimental data for a sound evaluation 
of the potential risks, and the fact 
that a recombinant DNA experiment 
is permitted in Europe is irrelevant to 
the establishment of standards in the 
United States. 


Recombinant DNA Experiments In- 
volving Viral. DNA 
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Many of the commentators agreed 
that both the original guidelines and 
the PRG-RAC were overly stringent 
with regard to virus experiments. In 
commenting on the PRG-RAC, the 
EMBO Standing Committee on Re- 
combinant DNA Research wrote: 


The EMBO Committee believes that the 
containment categorization of experiments 
with animal virus DNA’s which is proposed 
by the NIH Advisory Committee is too indis- 
criminate and excessively stringent consid- 
ering the proposed classification of experi- 
ments with other classes of DNA and the 
longstanding, accepted safety precautions 
for handling intact virus particles and viral 
nucleic acids * * *. The EMBO Committee 
proposes that it would be more reasonable 
either to consider experiments with viral 
DNA on a case-by-case basis or to produce a 
detailed set of recommended categories for 
experiments with specific viral DNA’s. The 
EMBO Committee hopes in the near future 
to establish an ad hoc international group 
of virologists to draw up such proposals. 


In response to this suggestion (i.e., 
for an international group of virol- 
ogists to consider this issue), a joint 
U.S.-EMBO Workshop To _ Assess 
Risks for Recombinant DNA Experi- 
ments Involving the Genomes of 
Animal, Plant, and Insect Viruses was 
held in Ascot, England, on January 26- 
28, 1978. The workshop was attended 
by 27 distinguished scientists from the 
United States, the United Kingdom, 
West Germany, Finland, France, 
Sweden, and Switzerland. The report 
of the “Ascot” Workshop was pub- 
lished in the FEDERAL REGISTER on 
March 31, 1978, and appears as appen- 
dix E to the accompanying Environ- 
mental Impact Assessment. The work- 
shop concluded: 


The probability that K-12 organisms car- 
rying viral DNA inserts could represent a 
significant hazard to the community was so 
small as to be of no practical consequence 
* * * viral genomes or fragments thereof, 
cloned in E. coli K-12 using approved plas- 
mid or phage vectors, pose no more risk 
than work with the infectious virus or its 
nucleic acid and in most, if not all cases, 
clearly present less risk. In fact, the work- 
shop participants agreed that cloning of 
viral DNA in E. coli K-12 may provide a 
unique opportunity to study with greatly re- 
duced risks the biology of extremely patho- 
genic and virulent viruses. 


On April 6-7, 1978 (as announced on 
March 17 in the FEepERAL REGISTER), a 
working group sponsored by the RAC, 
composed of distinguished American 
microbiologists, met to review the 
report of the “Ascot’”’ Workshop. The 
report of this working group appears 
as appendix F to the accompanying 
Environmental Impact Assessment. 
The working group unanimously en- 
dorsed the “Ascot” report with certain 
minor amendments. Their report in- 
cluded recommended new language to 
be inserted in the PRG-NIH in place 
of the sections dealing with viruses in 
the PRG-RAC. This report was pre- 


NOTICES 


sented to the RAC at its April 27-28, 
1978, meeting, and was unanimously 
endorsed by the RAC with certain 
minor amendments. I have accepted 
these recommendations of the RAC, 
with certain additional minor amend- 
ments, and these now constitute the 
sections dealing with viruses in part 
III of the PRG-NIH. 


Recombinant DNA Experiments In- 
volving DNA from Plants and 
Plant Pathogens 


One of the comments made at the 
December 1977 meeting of the Adviso- 
ry Committee to the Director, NIH 
was that “the NIH guidelines do not 
adequately deal with the use of recom- 
binant DNA in plants * * *” Other 
commentators have expressed similar 
sentiments, and the suggestion has 
been made that “a subcommittee be 
formed to deal with plants and plant 
pathogens and make specific recom- 
mendations for revision of the guide- 
lines.” In response, a Workshop on 
Risk Assessment of Agricultural Path- 
ogens, composed of distinguished 
American plant pathologists, was held 
on March 20-21, 1978 (as announced 
on March 6 in the FEDERAL REGISTER). 
Sponsored by the U.S. Department of 
Agriculture, the National Science 
Foundation, and the NIH, the report 
of this workshop appears as appendix 
G to the accompanying Environmental 
Impact Assessment. The report was 
presented to the RAC at its April 27- 
28, 1978, meeting and was unanimous- 
ly endorsed by the RAC with certain 
minor amendments. I have accepted 
these recommendations of the RAC 
with certain additional minor amend- 
ments; these involve changes in the 
PRG-NIH in sections dealing with the 
use of plants and plant pathogens in 
recombinant DNA research. 

Using the 10 criteria previously dis- 
cussed in light of what is known today, 
I believe the revisions in containment 
standards proposed by the PRG-NIH 
are sound. The changes in contain- 
ment standards in the PRG-NIH are 
discussed below in greater detail for 
each of the subsections of part ITI. 


SPECIFIC CONSIDERATIONS 


Section I11I—Opening Paragraphs 


As discussed above in part I of this 
document, the section of the guide- 
lines numbered III-A in both the 1976 
guidelines and the PRG-RAC and en- 
titled ‘““Experiments That Are Not To 
Be Performed” has been moved in the 
PRG-NIH to become section I-D enti- 
tiled “Prohibitions.” This leads to a re- 
numbering of the remaining subsec- 
tions of part III of the PRG-NIH as 
compared to the PRC-RAC. 

Two new paragraphs have been in- 
serted at the beginning of part III of 
the PRG-NIH. The first reminds the 
reader to consult part I “where listings 


are given of prohibited and exempt ex- 
periments.” 

The second inserted paragraph is a 
“general flexibility clause.” Insertion 
of such a “clause” was recommended 
by the RAC at its April 27-28, 1978, 
meeting. It recognizes that the classifi- 
cation of experiments given in part III 
will necessarily be imperfect, as inves- 
tigators in the future devise new ways 
to conduct recombinant DNA experi- 
ments not currently foreseen and 
therefore not explicitly considered in 
the guidelines. Also, new data may 
become available showing that certain 
particular experiments currently as- 
signed a particular containment level 
are, indeed, clearly more (or less) safe 
than envisioned at this time. There- 
fore, this “clause” states that 
“changes in these levels for specific 
experiments (or the assignment of 
levels to experiments not explicitly 
considered here) may be expressly ap- 
proved by the Director, NIH, on the 
recommendation of the Recombinant 
DNA Advisory Committee (RAC).” 


Section III-A-1-a. Shotgun Experi- 
ments into E. coli K-12 with In- 
serted Eukaryotic DNA 


At a number of places in this subsec- 
tion the principal investigator is al- 
lowed to choose between two combina- 
tions of containment procedures. For 
example, in several instances one is 
permitted to use P2+EK1 or P1+EK2. 
This was endorsed by some commenta- 
tors but questioned by others. This 
concept of flexibility was addressed in 
part II of this document. I also wish to 
point out that the concept is not a new 
one—it was allowed under the original 
guidelines. Based upon events of the 
past 2 years, the RAC merely proposed 
that this principle be extended to cer- 
tain specified additional cases where 
they believe it appropriate. I agree 
with their proposals and have there- 
fore included in the PRG-NIH all 
such specific cases of flexibility recom- 
mended in the PRG-RAC. 

On the other hand, in certain other 
specific cases (e.g., DNA from birds) 
the PRG-RAC recommended the con- 
tainment level be P2+EK2, without 
the option of P3+EK1. Certain com- 
mentators urged that in all cases 
where the containment level of 
P2+EK2 is given, the option of 
P3+EK1 be allowed. However, the 
RAC felt that in view of their in- 
creased confidence in the biological 
containment offered by the EK2 
system, P2+EK2 offers more contain- 
ment than P3+EK1, and _ that 
P2+EK2 without the option of 
P3+EK1 should be the containment 
level for certain specified classes of ex- 
periments. I accept the view of the 
RAC and have therefore specified in 
the PRG-NIH the containment levels 
of P2+EK2 without the option of 
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P3+EK1 in every case where it ap- 
peared in the PRG-RAC. 

The section of this document on 
“Recombinant DNA Experiments In- 
volving Viral DNA” discussed the 
“Ascot” workshop report, and the 
April 6-7, 1978, working group report 
which endorsed the “Ascot” report. 
The RAC at its April 27-28, 1978, 
meeting unanimously endorsed the 
working group report recommending 
lower containment levels for deliber- 
ate cloning of viral DNA into E. coli 
K-12 (see below for discussion of sec- 
tion III-A-2). One of the reasons given 
originally for the higher containment 
level for shotgun experiments involv- 
ing primate DNA into E. coli K-12 was 
the possible inadvertent cloning of 
viral DNA. In view of their recommen- 
dation of lower containment for delib- 
erate cloning of viral DNA into E. coli 
K-12, the RAC on April 27-28, 1978, 
reconsidered primate shotgun levels, 
and voted unanimously for new lian- 
guage as follows: “Primates. P2 physi- 
cal containment + an EK2 host- 
vector. Any lowering of containment 
below these levels (i.e., for purified 
DNA or characterized clones) cannot 
be made solely by an institutional bio- 
safety committee but requires NIH ap- 
proval.” I have accepted this new lan- 
_ guage and inserted it in the PRG- 
‘NIH, as well as a similar lowering of 
containment for shotgun cloning of 
cold-blooded vertebrate DNA into E. 
coli K-12. 

One commentator noted that section 
Ili-B-1-a-(1)-(g) of the PRG-RAC en- 
titled “Cloning of Viral Genomes 
From Eukaryotic Cell DNA” * * * “fo- 
cuses on cloning integrated retrovirus 
nucleotide sequences from mammalian 
cell DNA but says nothing about nu- 
cleotide sequences of integrated DNA 
viruses.” This entire section has been 
eliminated from the PRG-NIH and in- 
stead a new subsection ITI-A-2-a-(3) 
entitled “Intracellular Viral DNA” has 
been added to the PRG-NIH which 
covers both integrated retroviruses 
and DNA virus sequences; it says, 
“Physical and biological contaminant 
specified for shotgun experiments 
with eukaryotic cellular DNA (See sec- 
tion IITI-A-la) shall be used for DNA 
recombinants produced with ‘integrat- 
ed viral DNA or viral genomes present 
in infected cells.” 


Section III-A-1-b. Shotgun Experi- 
ments Into E. Coli K-12 With In- 
serted Prokaryotic DNA 


In the 1976 guidelines, the section 
(MI-B-2-(a)-(ii)) dealing with shotgun 
experiments into E. coli K-12 with in- 
serted prokaryotic DNA was subdi- 
vided into two sections, i.e., ‘“Prokar- 
yotes That Exchange Genetic Infor- 
mation With £. coli” and ‘“Prokar- 
yotes That Do Not Exchange Genetic 
Information With E. coli.” In the 


NOTICES 


PRG-RAC it was assumed that all pro- 
karyotes that exchange genetic infor- 
mation with E. coli would be exempt 
from the guidelines by appearing on 
the “list of nonnovel exchangers.” 
Therefore, in the PRG.-RAC the sec- 
tion (III--B-l-a (2}) dealing with shot- 
gun experiments into E. coli K--12 
with inserted prokaryotic DNA actual- 
ly considered only prokaryotes that 
did not exchange genetic information 
with E. colt. The problem with this ap- 
proach was discussed by commenta- 
tors, focusing especially on the case of 
Agrobacterium tumefaciens. It meant 
that a prokaryote which exchanges ge- 
netic information with E. coli, and was 
therefore properly assigned a low con- 
tainment levei under the 1976 Guide- 
lines, would under the PRG RAC 
either appear on the ‘‘list’”’ and there- 
fore be exempt from the guidelines, or 
if for some reason it did not appear on 
the list, the containment level would 
actually in some cases be raised. This 
was not the intent of the RAC. There- 
fore, I proposed to the RAC, and they 
accepted at their April 27--28, 1978, 
meeting, that language be reinserted 
in the the PRG--NIH covering prokar- 
yotes that exchange genetic informa- 
tion with £. coli but which. do not 


appear on the list. This section in the. 


PRG-NIH (Iil--A-1-b-(1)) reads: 

Prokaryotes That Exchange Genetic Infor- 
mation (35] with E. coli. It is expected that 
many of the prokaryotes that exchange ge- 
netic information with E. coli by known 
physiological processes will be exempted 
from these guidelines by appearing on the 
“list of exchangers” (see sec. I.-E- 4). 

For those not on the list, the containment 
levels are Pl physical containment + an 
EK1 host-vector. In fact, experiments in 
this category can be performed with E. coli 
K-12 vectors exhibiting a lesser contain- 
ment (e.g., conjugative plasmids) than EK1 
vectors. However, for prokaryotes that are 
classified {1] as Class 2 the containment 
levels are P2+EK1. 


For prokaryotes that do not ex- 
change genetic information with E. 
colt, the PRG-RAC proposed that 
Pl1+EK2 or P2+EK1 conditions apply 
only in cases of extensive characiteriza- 
tion and RAC approval. ‘Experiments 
with DNA’s from bacteria that are not 
extensively characterized require P2 
physical containment + an EK2 host- 
vector or P3+EK1. Experiments with 
DNA’s from pathogenic species (class 2 
and plant pathogens, see App. B) must 
use P3+EK2.” A number of commen- 
tators objected to two different as- 
pects of this subsection of the PRG- 
RAC: (1) Many felt that experiments 
involving nonpathogenic prokaryotes 
should be conducted at P1+EK2 or 
P2+EK1 without extensive character- 
ization or RAC approval; (2) It was 
argued that plant pathogens should 
not be included with CDC class 2 
agents as requiring P3+EK2 contain- 
ment. Both of these comments were 
referred to the RAC ait their April 27- 
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28, 1978, meeting and they agreed with 
the commentators. Therefore, this 
Section of the PRG-NIH (III-A-1-b- 
(2)> reads: 


(2), Prokaryotes that Do Not Exchange Ge- 
netic Information with E. coli. P2 physical 
containment + an EK1 host-vector, or 
P1+EK2, except for DNA from class 2 
agents, [1] which require P3 + EK2. 


The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search recommends that the contain- 
ment level for ail novel non pathogen- 
ic prokaryotic DNA into EZ. coli K-12 
be P1+EK1. It is my opinion that it is 
prudent to retain the levels of 
P2+EK1 or P1+EK2 for nonpatho- 
genic prokaryotes that do not ex- 
change gentic information with E. 
coli. 

The PRG RAC received substantial | 
criticisms for identifying all agents 
classified as class 2 in the CDC’s publi- 
cation “Classification of Etiologic 
Agents on the Basis of Hazard” - 
(Fourth edition, July 1974) as being 
pathogenic for the purpose of assign- 
ing containment levels. Many com- 
mentators stated that many of the or- 
ganisms so classified were. harmless 
and others were of such low pathogen- 
icity that severe safety precautions 
were unwarranted. It was also pointed 
out that the pathogenicity of an intact 
micro-organism and the conjectural 
hazard of a piece of DNA from such 
an organism within £. coli K-12 were 
quite different matters. It should be 
noted that the difficulties in applica- 
tion of the CDC classification for the 
purposes of these guidelines was recog- 
nized in the original guidelines. For 
example, all species of Salmonella are 
classified as class 2 organisms by CDC. 
The original guidelines, however, dis- 
tinguish between the pathogenicity of 
S. typhimurium and S. typhi for the 
assignment of containment levels. I 
have therefore accepted the sugges- 
tion of these commentators and have 
added footnote 1 to the PRG-NTH. 
This gives NIH the authority, upon 
the recommendation of the RAC, to 
designate certain agents which are 
listed as class 2 by CDC as class l 
agents for the purpose of these guide- 
lines. 


Section III-A-2-a. DNA from viruses of 
eukaryotes into E. coli K-12 


Discussed earlier within part ID of 
this document under the heading “Re- 
combinant DNA Experiments Involv- 
ing Viral DNA” was the history of the 
“Ascot” workshop report (App. E to 
the accompanying environmental 
impact assessment) and the report of 
the working group which met on April 
6-7 1978 (App. F to the accompanying 
environmental impact assessment). 
Section III-A-2 of the PRG-NIH 
adopts the recommendations of the 
working group with minor modifica- 
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tion. It is based on a reassessment 
made by these experts in the field of 
virology of the potential hazards of in- 
serting pieces of viral DNA into E. 
coli. I believe the argument presented 
in the “Ascot” report and the working 
group report are well founded, specifi- 
cally that “the probability that K-12 
organisms carrying viral DNA inserts 
could represent a significant hazard to 
the community was so small as to be 
of no practical consequence * * * viral 
genomes or fragments thereof, cloned 
in E. coli K-12 using approved plasmid 
or phage vectors pose no more risk 
than work with the infectious virus or 
its nucleic acid and in most, if not all, 
cases clearly present less risk.”” Accord- 
ingly, section III-A-2-a of the PRG- 
NIH has been completely rewritten. 


Section III-A-2-b. Eukaryotic Organ- 
elle DNA into E. coli K-12 


To be consistent with the one step 
lowering of physical containment de- 
scribed earlier for shotgun experi- 
ments with primate DNA, the levels 
for mitochondrial DNA from primates 
has been similarly lowered by one step 
in physical containment in the PRG- 
NIH as compared to the PRG-RAC. 


Section III-A-3. Lowering of contain- 
ment for characterized or purified 
DNA preparations and clones 


Concern was expressed by several 
commentators regarding the revisions 
in the PRG-RAC which would allow 
the local IBC (with notification to be 
sent to NIH) to reduce either the bio- 
logical or physical containment level 
by one step if (1) the DNA is 99-per- 
cent purified and shown to be free of 
harmful genes prior to its insertion 
into a recombinant molecule, or (2) if 
subsequent to insertion the clone is 
rigorously characterized and shown to 
be free of harmful genes. In the origi- 
nal guidelines lowering in case (2) 
could only be done with NIH prior ap- 
proval. 

There was support from several com- 
mentators for the changes in this sub- 
section. The rationale is explained in 
new language inserted into this section 
of the PRG-RAC, which is retained in 
the PRG-NIH; i.e.: 


Many of the risks which might conceiv- 
ably arise from some types of recombinant 
DNA experiments, particularly shotgun ex- 
periments, would result from the inadver- 
tent cloning of a harmful sequence. There- 
fore, in cases where the risk or inadvertent- 
ly cloning the ‘wrong’ DNA is reduced by 
prior enrichment for the desire piece, or in 
which a clone, made from a random assort- 
ment of DNAs, has been purified and the 
absence of harmful sequences established, 
the containment conditions for further 
work may be reduced. 


Some commentators noted the ambi- 
guity and difficulty attendant in the 
phrase “free of harmful genes.” The 
EMBO Standing Advisory Committee 


NOTICES 


on Recombinant DNA Research re- 
ports that “several national guidelines 
for recombinant DNA research state 
that containment measures may be re- 
laxed once a cloned DNA fragment 
has been biochemically characterized 
and shown to be free of harmful genes 
(NIH guidelines) or devoid of any 
known pathogenic characteristic 
(French guidelines). The EMBO com- 
mittee believes the latter to be a more 
feasible requirement, but neither can 
readily be met, and the committee 
finds it difficult to suggest what sorts 
of experimental tests might be devised 
to meet these requirements.” 

I agree that “the terms ‘character- 
ized’ and ‘free of harmful genes’ are 
unavoidably vague.” However, foot- 
note 3 of the PRG-NIH goes on to list 
five types of data which should be con- 
sidered in making this determination. 

Some commentators were also con- 
cerned that this grant of additional 
authority to the local IBC’s for single 
step lowering in containment levels 
might introduce variability in the ap- 
plication of the guidelines. I have con- 
sidered this possiblity and have decid- 
ed that the principle of promoting 
local involvement in the implementa- 
tion of the guidelines outweighs the 
difficulties which may be eoncoun- 
tered in this process. In an attempt to 
minimize these problems, I have (1) at- 
tempted to make all parts of the 
guidelines as clear, specific, and unam- 
biguous as possible, and (2) expanded 
the “Roles and _ Responsibilities” 
secton to outline functions and respon- 
sibilities in greater detail. Also, the 
guidelines require that the Office of 
Recombinant DNA Activities at the 
NIH be notified in writing of such an 
action. A mechanism is therefore in 
place to ensure that such actions pro- 
ceed with an acceptable degree of uni- 
formity. 


The question was raised whether a. 


clone, the containment level of which 
was lowered by the IBC at Institution 
xX, may after shipment to Institution 
Y still be used at the lower level with- 
out review by the IBC at Institution 
Y. It clearly has been, and remains, 
the intention of both the RAC and 
myself that the IBC at the receiving 
institution must approve the reducton 
in containment for the handling of the 
clone in such a situation. The investi- 
gator at the receiving institution must 
handle the clone at the higher level 
until such permission is granted. 

One commentator urged that prior 
cloning be accepted as a technique for 
the purification of DNA molecules 
prior to their reinsertion in a new re- 
combinant DNA molecule. The PRG- 
RAC specified that purification must 
be achieved “‘by physical or chemical 
techniques.” The criterion for the 
single step reduction in containment 
levels in this situation is that the DNA 


preparation be 99 percent pure; I see 
no reason to so restrict the means by 
which such purification is attained. I 
have accepted this suggestion as a 
means of better serving the needs of 
the investigator without reducing the 
margin of safety to the public and the 
environment, and therefore have 
stricken from the PRG-NIH the words 
“by physical and chemical techniques” 
following the worked “purified.” 

One commentator noted that the 
PRG-NIH might be nterpreted as al- 
lowing a single step reduction in con- 
taiment levels for purification of the 
DNA prior to its insertion into a re- 
combinant DNA molecule, and then a 
subsequent further single step reduc- 
tion in containment level once the 
same molecule was cloned. This was 
not intended. Therefore, clarifying 
language has been added in the PRG- 
NIH stating that an IBC “may give ap- 
proval for a single step reduction in 
physical or biological containment on 
receipt of evidence of characterization 
of a clone derived from a shotgun ex- 
periment and its * * *.” 

Finally, as noted above in this docu- 
ment under “Section ITI-Al-a—Shot- 
gun Experiments into £E. coli K-12 
With Inserted Eukaryotic DNA,” the 
RAC recommended at its April 27-28, 
1978, meeting (and I have accepted the 
recommendation and inserted it in the 
PRG-NIH), that the containment 
levels for shotgun of primate DNA 
into E. coli K-12 be lowered to 
P2+EK2. However, on the recommen- 
dation of the RAC, a stipulation added 
in section IIIJ-A-l-a of the PRG-NIH 
is that for primate shotgun “any low- 
ering of containment below these 
levels (i.e., for purified DNA or charac- 
terized clones) cannot be made solely 
by an institutional biosafety commit- 
tee but requires NIH approval.” Lan- 
guage stating this limitation in au- 
thority of the IBC with regard to pri- 
mate DNA has been inserted into sub- 
section III-A-3 of the PRG-NIH, as 
has language indicating that any low- 
ering of containment under this sec- 
tion to levels below P1+EK1 requires 
prior NIH approval. 


Section III-B. Experiments with Other 
Prokaryotic Host-Vectors 


Some commentators felt that the 
PRG-RAC unnecessarily emphasized 
the use of E. coli K-12 and would not 
allow important recombinant DNA ex- 
periments to be done in other prokar- 
yotic hosts. Section ITI-B describes the 
use of prokaryotic host-vector systems 
other than E. coli K-12 which have 
been approved as HVI hosts. It should 
be remembered that ‘“‘self-cloning ex- 
periments with prokaryotic hosts are 
exempt from the guidelines under ex- 
emptions I-E-2 and I-E-3 and that 
other experiments involving DNA seg- 
ments from species that exchange 
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DNA by known physiological processes 
are exempt from tne Guidelines under 
exemption I-E-4. 

The RAC at its April 27-28, 1978, 
meeting pointed out that there are 
certain scientifically important experi- 
ments which are very safe but which 
neither fit the criteria to be exempt 
from the guidelines, nor the criteria 
for HVI certification: A new section 
III-B-2 has been added to the PRG- 
NIH to cover these cases and assign 
appropriate containment levels. In 
these experiments DNA from a pro- 
karyotic host (Host X) is cloned into 
E. coli K-12 (this situation is already 
covered in sec. III-A-1-b(2) of the 
guidelines); in the second part of the 
experiment the recombinant DNA 
(consisting of DNA sequences from 
Host X linked to an E. coli plasmid or 
bacteriophage) is returned to Host X 
and propagated there. 


Section III-C. Experiments with eu- 
karyotic host-vectors 

A number of commentators felt that 
the stringent containment conditions 
required both in the original guide- 
lines and in the PRG-RAC for intro- 
duction of recombinant DNA into 
tissue culture cells, using viruses as 
vectors, were unwarranted. The 
EMBO Standing Advisory Committee 
on Recombinant DNA Research wrote: 


In experiments involving the introduction 
of foreign DNA into cultured cells of ani- 
mals using DNA viruses as vectors, biologi- 
cal containment is assured by the very re- 
stricted permissive conditions for the host 
cells; the only routes by which the recom- 
binant molecule might escape are by chance 
infection of a contaminating microorganism 
or within a viral capsid and the size of the 
recombinant molecule may well preclude its 
encapsidation * * *. For example, cloning of 
mouse DNA using polyoma virus as a vector 
and mouse cells as host should not require 
precautions more stringent than those rou- 
tinely used for many years in laboratories 
studying polyoma virus infection of mouse 
cells and mice. The EMBO Committee finds 
the proposals for this class of experiments 
in the revised NIH Guidelines not suffi- 
ciently discriminating because they would 
impose unnecessarily high levels of physical 
containment for experiments with many eu- 
karyotic DNA’s. 


Discussed earlier within Part III of 
this document under the heading ‘‘Re- 
combinant DNA Experiments Involv- 
ing Viral DNA” was the history of the 
“Ascot” workshop report (See App. E 
to the accompanying environmental 
impact assessment, and the report of 
the working group which met on April 
6-7, 1978 (App. F to the accompanying 
environmental impact assessment). I 
have accepted the recommendations of 
the work group and incorporated their 
suggested revision of this section 
which now becomés section III-C of 
the PRG-NIH. The result of this 
change is that section III-B-3 of the 
PRG-RAC “Experiments with Eukar- 
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yotic Host-Vectors,” subparts (a) “‘Ver- 
tebrate Host-Vector Systems,” and (b) 
“Invertebrate Host-Vector Systems,” 
are eliminated; substituted for it in 
the PRG-NIH is new language derived 
from the working group report which 
become section III-C “Experiments 
With Eukaryotic Host-Vectors,” sub- 
parts (1) Vertebrate Host-Vector 
System”; (2) “Invertebrate Host- 
Vector Systems in which Insect Vir- 
uses Are Used To Propagate Other 
DNA Segments’, and (3) “Plant Viral 
Host-Vector Systems.” 


Section III-C-4. Plant Host-Vector Sys- 
tems Other Than Viruses 


Discussed earlier within Part III of 
this document under the heading “Re- 
combinant DNA Experiments Involv- 
ing DNA From Plants and Plant Path- 
ogens”’ was the Workshop on Risk As- 
sessment of Agricultural Pathogens, 
held on March 20-21, 1978, sponsored 
by USDA, NSF, and NIH. Based on 
the Workshop report (See Appendix G 
to the accompaying Environmental 
Impact Assessment), section III-D of 
the PRG—NIH has been rewritten. 


Section III-C-5. Fungal or Similar 
Lower Eukaryotic Host-Vector Sys- 
tems 


Both the 1976 Guidelines and the 
PRG-RAC used the same short para- 
graph for this section, giving little 
detail, because they noted “the devel- 
opment of these host-vector is present- 
ly in the speculative stage.” Since that 
time a specific host-vector system of 
this class has been developed, i.e., Sac- 
charomyces cerevisiae (baker’s yeast), 
and other similar systems may also 
soon be proposed. Accordingly, this 
section (III-C-5) of the PRG-NIH has 
been expanded to give more specific 
instructions on appropriate contain- 
ment levels. 


Section III-D. Complementary DNAs 


Since specific containment levels for 
the use of purified cDNA of viral 
mRNA are now given in section III-A- 
2-a of the PRG-NIH, a sentence has 
been added noting this at the begin- 
ning of section III-D of the PRG-NIH. 
Otherwise, the rest of this evoked no 
comments and remains identical in the 
PRG-NIH to the PRG-RAC. 


Section III-E, Synthetic DNA 


Because synthetic DNA is now ex- 
plicitly included in the PRG-NIH (as 
discussed in section I of this docu- 
ment), it was necessary to add lan- 
guage to Part III of the PRG-NIH de- 
tailing the appropriate containment 
levels for these experiments. The RAC 
at its meeting on April 27-28, 1978, ap- 
proved such language, and it has been 
inserted in the PRG-NIH as section 
ITI—E. 
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IV. ROLES AND RESPONIBILITIES 
REVIEW OF RAC PROPOSED GUIDELINES 


This section, as in the 1976 Guide- 
lines, provides an administrative 
framework for implementation. Modi- 
fications to the various roles and re- 
sponsibilities proposed by the RAC are 
listed below. 


Institutional Responsibilities 


Institution. Several changes were 
proposed in the PRG-RAC as com- 
pared to the 1976 Guidelines in the re- 
sponsibilities of the institution. Re- 
sponsibilities that were added or fur- 
ther detailed included: (1) a require- 
ment for insuring the training of re- 
search personnel and the use of good 
microbiological technique, and (2) a 
requirement to determine the need for 
medical procedures, with recommenda- 
tions of possible specific practices. 

Institutional Biosafety Committees. 
Membership of the committees was 
clarified by a recommendation to in- 
clude other than scientific members. 
In thePRG-RAC (section ITI), institu- 
tional biosafety committees (IBCs) are 
given the discretion to approve single- 
step reductions in containment levels 
for experiments with characterized 
clones and purified DNA. The IBC’s 
would be required to notify the NIH 
Office of Recombinant DNA Activities 
(ORDA) of these approvals. 

Biological Safety Officer. Institu- 
tions at which P3 and P4 level recom- 
binant DNA work is conducted would 
be required to have a biological safety 
officer, whose specific roles and re- 
sponsibilities are outlined. 

Principal Investigator. The role and 
responsibilities of the principal investi- 
gator would remain basically the same 
except for the important addition ofa 
requirement for training in microbio- 
logical techniques. Responsibility for 
the determination of the practices nec- 
essary for medical surveillance would 
be relocated to the institution. 


NIH Responsibilities 


Office of the Director. The responsi- 
bilities of the Director would remain 
unchanged. A sentence was added 
which clarified the Director’s authori- 
ty to implement the Guidelines and to 
be the final arbiter in the interpreta- 
tion of the Guidelines. 

Recombinant Advisory Committee. 
There were no changes in the current 
responsibilities of the RAC; however, 
there were clarifications of the scope 
of some duties, for example, the certi- 
fication process. The language of the 
1976 Guidelines caused confusion 
among some concerning the certifica- 
tion of EK2 (HV2) and EK3 (HV3) 
host-vector systems. In practice, the 
certification process involved a two- 
step procedure: (1) the RAC’s recom- 
mendation to the Director, NIH, that 
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a particular host-vestor system be.cer- 
tified; and (2) certification of the 
system by the Director, NIH. The 
PRG-RAC clarifies the fact that a 
two-step procedure is followed. The ra- 
tionale for the two-step procedure is 
that it allows the Director, NIH, to so- 
licit the opinions of additional experts 
prior to making a final decision on cer- 
tification. 

The RAC’s authority to recommend 
exceptions from the proibitions was 
also clarified. The 1976 version of the 
Guidelines envisioned the possibility 
of the RAC’s recommending an excep- 
tion to the 10-liter limit on culture 
volume for recombinant DNA’s known 
to make harmful products. The pro- 
posed revision would extend the possi- 
bility of an exception to the five other 
classes of currently prohibited experi- 
ments. The general rationale for this 
addition is the RAC’s inability to fore- 
see all possible future circumstances 
and the RAC’s desire to specify, 
within the limits of strict safeguards, 
the possibility of an exception for 
compelling social or scientific reasons. 
A more immediate and specific justifi- 
cation for the paragraph on excep- 
tions from the prohibitions is that the 
risk-assessment studies necessary for a 
clearer understanding of the potential 
biohazards of recombinant DNA re- 
search may not be able to be carried 
out without technical violations of the 
current Guidelines, unless there is a 
mechanism for approving exceptions. 


REVIEW OF COMMENTS AND NIH PROPOSED 
GUIDEINES 


As in the public hearing on the origi- 
nally proposed Guidelines in 1976, 
many public commentators urged 
openness, candor, and public participa- 
tion in the revision process, emphasiz- 
ing shared responsibility and account- 
ability from the local to the national 
level. We have heeded these sugges- 
tions. In addition to holding all RAC 
meetings in the open and holding a 
public hearing on the PRG-RAC in 
December 1977, we have published 
both the PRG-RAC and now the 
PRG-NIH in the FEDERAL REGISTER for 
public comment. 

It remains clear, as stated in my 
1976 decision, that much of the suc- 
cess of the guidelines will depend on 
the wisdom with which they are im- 
plemented. The recommendations of 
the PRG-RAC have been carefully 
weighed along with other public and 
scientific comments received on the 
“roles and responsibilities” section. In 
general, I have adopted the RAC pro- 
posals with certain additional modifi- 
cations based on issues raised by the 
Director’s Advisory Committee and 
other commentators. The issues I have 
considered, and a discussion of them 
follows: 


Responsibilities of the institution 
(general) 


Again, as in 1976, this section of the 
guidelines drew considerable comment 
directed to the roles and responsibil- 
ities of the institution and its several 
constituents. Generally, commentators 
requested more information and great- 
er clarification of the structure and 
operation of the IBC, the function of 
the biological safety officer, and the 
duties of the institution. Because of 
the importance of this section with 
regard to successful implementation of 
the guidelines, and therefore safe con- 
duct of this research, these sugges- 
tions and comments have been careful- 
ly considered. NIH acknowledges its 
special responsibility in assuming lead- 
ership in developing and promoting 
safety programs relevant to recombin- 
ant DNA research. Therefore, as in 
1976, another committee chaired by 
Dr. W. Emmett Barkley, Director, 
Office of Research Safety; NCI, was 
convened to address concerns raised. 
As a result, and in response to a 
number of commentators’ requests, 
appendix D of the original guidelines 
has been restored and enhanced to 
give additional advice on safety mat- 
ters (see “Laboratory Safety Mono- 
graph—A Supplement to the NIH 
Guidelines for Recombinant DNA Re- 
search”). The revised guidelines also 
retain requirements for emergency 
plans to cover accidents as well as 
strengthening the requirement for 
training of all recombinant DNA re- 
searchers in safe laboratory proce- 
dures. 

The intent of this section, as before, 
is to integrate safety practice into the 
conduct of recombinant DNA research 
and to assign responsibilities for this 
to the- principal investigator institu- 
tion, IBC, and biological safety officer. 
Therefore, it is important that these 
responsibilities be stated in an unam- 
biguous manner. For this reason, and 
in response to many commentators, 
Part IV has been restructured, to dis- 
tinguish in greater detail and more 
clearly align some of these functions. 
The appendices contain additional 
complementary information on roles 
and responsibilities, including infor- 
mation for IBC’s and biological safety 
officers. 

In response to several comments, the 
scope of review of research has been 
broadened to cover all recombinant 
DNA research at an institution receiv- 
ing funds from NIH for recombinant 
DNA research, whether or not the spe- 
cific recombinant DNA project is being 
funded by NIH. While this increases 
the responsibility of the institution 
and the IBC’s, it is believed that this 
revision will enhance the overall 
safety of the conduct of this research. 
Furthermore, at the suggestion of one 
commentator, I have decided to 


change the name of the biohazards 
committees to biosafety committees to 
reflect the spirit of the guidelines 
more closely. 

Several generic comments deserve to 
be highlighted as they represent sig- 
nificantly increased authority to be 
delegated to the institution. In 1976, 
the RAC did not accept commentators’ 
suggestions for requiring local commit- 
tees to make an independent evalua- 
tion of the containment levels re- 
quired by the guidelines for individual 
research projects. I therefore stated in 
the 1976 decision that NIH would not 
require local institutions to have their 
committees perform this function, al- 
though they would not be prohibited 
from doing so. Commentators have 
now noted that in order for an IBC to 
accomplish its mandated responsibil- 
ities under the 1976 guidelines, includ- 
ing reviewing and approving recombin- 
ant DNA research projects, it has been 
necessary for the committee implicitly 
to determine containment conditions. 
Therefore, in order to better clarify its 
role, the assessment of appropriate 
containment levels is now made an ex- 
plicit responsibility of the IBC. 

In addition, institutions through 
their IBC’s will be given increased re- 
sponsibility for primary oversight of 
this research as they have now been 
delegated the authority from NIH to 
approve or disapprove proposed re- 
combinant DNA projects. NIH 
through ORDA will conduct a review 
of institutional actions, upon registra- 
tion of the projects, to ensure compli- 
ance with the NIH guidelines, thereby 
maintaining a national standard for 
the research. This action has been in 
response to several comments calling 
for increased local responsibility and a 
more simplified administrative process 
with regard to gaining approval for 
this research to proceed. In view of 
the impossibility of Federal surveil- 
lance to enforce these standards exter- 
nally, I feel it is essential to inerease 
the authority and responsibility of the 
local institution. It was also requested 
that IBC’s have a role if legislation in 
this area is adopted, and this concept 
is endorsed in the bill report of March 
24, 1978, on the Recombinant DNA 
Act, by the House Committee on In- 
terstate and Foreign Commerce, which 
says, “It is the view of the committee 
that the appropriate portions of the 
administrative requirements of section 
IV of the NIH guidelines are a reason- 
able model upon which the Secretary 
could base administrative regulations. 
In particular, the current practice in 
the NIH guidelines of delegating to 
local biohazards committees most of 
the responsibility for the inspection of 
facilities and the approval of the spe- 
cific safety requirements appropriate 
to each project or activity is an effec- 
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tive and relatively inexpensive admin- 
istrative mechanism.” 

As in the 1976 decision, a number of 
recommendations were received re- 
garding the membership of IBC’s. In 
1976, suggestions were made for broad- 
ening IBC representation to include 
members not only from various disci- 
plines related to recombinant DNA 
molecule technology, biological safety, 
and engineering but also to include 
those knowledgeable in applicable 
laws, regulations, standards of prac- 
tice, community attitudes, and health 
and environmental considerations. 
Consequently, at that time I recom- 
mended in my decision that these di- 
verse points of view be included or 
made available to the committees. The 
language in the PRG-RAC requires a 
diversity of membership, but does not 
mandate noninstitutional members. In 
response to several requests, and in 
view of increased responsibility at the 
local level, I am now going beyond the 
RAC proposal and adding a provision 
that “no IBC may consist entirely of 
persons who are officers, employees, 
or agents of, or are otherwise associat- 
ed with the institution, apart from 
their membership on the IBC.” Other 
specific categories for membership are 
not mandated although the PRG-NIH 
now states that “membership should 
include individuals from disciplines 
relevant to recombinant DNA technol- 
ogy, biological safety, and engineer- 
ing’’; that it is recommended that “at 
least one member be a nondoctoral in- 
dividual from a laboratory technical 
staff’; and that the IBC “include 
members knowledgeable about such 
matters as applicable law, standards of 
professional conduct and _ practice, 
community attitudes, and the environ- 
ment.” 

The possibility of conflict between 
IBC’s and local community oversight 
committees was raised. With noninsti- 
tutional membership on IBC’s I be- 
lieve there is no need to have addition- 
al community committees. 

A number of other recommendations 
were received from public commenta- 
tors relating to more specific issues; 
they are considered below under the 
appropriate headings. 


Responsibilities of the institution (spe- 
cific) 

Institution. A number of points were 
raised by commentators concerning 
health monitoring by institutions. 
NIH was requested to develop a model 
for institutional medical surveillance 
for recombinant DNA research work- 
ers. The issue of medical monitoring is 
one of considerable interest to the 
NIH. This is a general problem not 
unique to recombinant DNA research. 
As one commentator noted, instituting 
a routine health monitoring and re- 
porting program for personnel en- 


NOTICES 


gaged in areas of research besides re- 
combinant DNA, such as tumor viruses 
and pathogenic organisms, is impor- 
tant. However, the state-of-the-art is 
primitive in terms of what can be done 
to monitor workers’ health generally, 
but particularly in the area of recom- 
binant DNA research where there is 
no known hazard. At my request, an 
NIH committee reviewed this area and 
has made recommendations as to what 
such a program may include. This rec- 
ommendation, which calls for monitor- 
ing illnesses, collecting serum samples, 
and keeping a register of agents han- 
died, is responsive to several sugges- 
tions received on this issue, and it has, 
therefore, been adopted in the PRG- 
NIH. Additionally, appendix D will in- 
clude more detailed information on 
medical surveillance. 

Grievance procedures for workers 
under the guidelines were requested 
but this is not considered necessary as 
the Occupational Safety and Health 
Act (OSHA) rules and regulations al- 
ready provide such a mechanism. In 
the 1976 decision it was also noted 
that OSHA standards and procedures 
apply to most institutions, so it was 
not considered necessary then, or now, 
to require in the guidelines that IBC’s 
insure OSHA compliance. Further, the 
Federal Interagency Committee on 
Recombinant DNA Research, which I 
chair, includes representatives from 
the Occupational Safety and Health 
Administration (Department of 
Labor), assuring cooperation at the 
Federal level. 

One commentator spoke to the need 
for a biosafety control manager which 
would be similar to the head of a 
campus environmental health and 
safety office. While such a program 
and manager may be desirable, it is 
felt that this is an institutional admin- 
istrative matter and should not be ad- 
dressed in the guidelines. 

Institutional Biosafety Committee 
(IBC). Several commentators request- 
ed more detail on IBC duties and this 
has been accomplished in the supple- 
ment to the PRG-NIH entitled, “‘Lab- 
oratory Safety Monograph.” For ex- 
ample, information is included here on 
facility certification, periodic inspec- 
tions and monitoring, and a model for 
IBC operation. 

There was concern about the estab- 
lishment of area biosafety committees 
and possible jurisdictional disputes be- 
tween them and institutional biosafety 
committees. This has been further 
clarified in the definitions in Part I. 

It was suggested that biosafety com- 
mittee meetings be open to the public. 
The guidelines currently require only 
that the minutes be availabie to the 
public. In view of possible discussion 
of proprietary and patentable infor- 
mation, C meetings cannot always 
be open. I do urge, however, that local 
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committees, when possible, have open 
meetings and suggest that all meetings 
be announced. 

The question was raised concerning 


possible conflict of interest of local 


committee members. This is an impor- 
tant point, and I have added a provi- 
sion prohibiting an individual engaged 
in, or expecting to be engaged in, or 
having a direct financial interest in, a 
recombinant DNA project from being 
involved in the review or approval of 
that project. 

Concern was expressed about the 
cost of IBC operations, and sugges- 
tions were made that the Government 
underwrite this expense. Because NIH 
already pays, through indirect costs, 
the operations of such committees, I 
have decided that there is no need at 
this time to separate them out from 
other indirect costs of the institutions. 

Biological Safety Officer. Because in- 
creased authority and responsibility 
have been given the IBC’s, it is-appro- 
priate that institutions conducting P3 
or P4 level research have someone des- 
ignated to handle biological safety 
questions generally. 

I have accepted the suggestion that 
the biological safety officer shall be a 
member of the IBC because his or her 
responsibilities are so closely allied to 
the function of the committee. 

Another commentator noted that 
too much emphasis was placed in the 
PRG-RAC on the regulatory role of 
the biosafety officer rather than on. 
his or her role as a technical consul- 
tant; therefore, language indicating 
this latter role has been inserted in 
the PRG-NIH. 

im response to questions on the 
qualifizations of biological safety offi- 
cers, I note that the officer need not 
be an M.D. Further, it is not necessary 
that he or she be engaged in research. 
Since the passage of the Occupational 
Safety and Health Act, most institu- 
tions have established occupational 
safety and health departments or pro- 
grams with institutional safety offi- 
cers. There are no standard certifica- 
tion procedures for such individuals, 
although their qualifications, in many 
cases, could be commensurate with 
those of a biological safety officer. 
The supplement to the PRG-NIH en- 
titled, “Laboratory Safety Mono- 
graph,” provides in greater detail the 
kinds of qualifications that biosafety 
officers should have. NIH is develop- 
ing a training course for campus 
safety officers, including biological 
safety officers, and requests for infor- 
mation should be directed to Dr. 
Emmett Barkley, Director, Office of 
Research Safety, National Cancer In- 
stitute, Bethesda, Md. 20014. 

Principal Investigator. In response 
to several commentators, the steps the 
investigator needs to take in order to 
have proposed research approved at 
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the local and national levels have been 
delineated in Appendix C to the guide- 
lines which contains documentation of 
NIH administrative procedures for re- 
combinant DNA research projects. 

Considerable attention has been 
given to the issue of training. Several 
commentators urged that training 
standards be set by the NIH, prefer- 
ably in the guidelines. Other commen- 
tators wanted the guidelines to direct 
the institution or IBC to set standards 
for training; however, some opposed 
this view. Still others wanted investi- 
gator competency evaluated or certi- 
fied after training had been undertak- 
en. It should be noted that the PRG- 
RAC represented a strengthening of 
training requirements, compared to 
those in the 1976 guidelines. Commen- 
tators remain concerned regarding the 
quality and uniformity of such train- 
ing. The NIH is responding to this by 
placing as a high priority the develop- 
ment of training standards and 
courses. Currently, NIH is supporting 
a Working Panel of the American So- 
ciety for Microbiology (ASM) which is 
considering standards of training in 
microbiological techniques for recom- 
binant DNA research. When a report 
is submitted to NIH, it will be shared 
with institutions, IBC’s, and principal 
investigators for their use. At this 
time, however, national certification 
should not be attempted until the 
ASM/NIH criteria for training have 
been formulated and subsequently 
evaluated. It should be noted that, 
aside from Nuclear Regulatory Com- 
mission standards for training for ra- 
dioisotope work, there are apparently 
no other formal training criteria pres- 
ently required for biomedical research. 
Thus, the work of the ASM Panel will 
be establishing a precedent. It is for 
these reasons that I feel NIH should 
proceed carefully and in stages, at the 
same time promoting safety training 
for researchers. Accordingly, NIH will 
develop courses based on these stand- 
ards of training and make them widely 
available. 


Responsibilities of the NIH (General) 


Due Process Considerations. A focus 
of public comment at the December 
hearing was on “procedural due proc- 
ess,” to insure public participation in 
the development of NIH recombinant 
DNA policies. Much of the public testi- 
mony and comment in letters thereaf- 
ter focused on public representation 
on committees. Also stressed was the 
need for public notice of all meetings, 
and for procedures to insure public 
participation in the exercise of respon- 
sibilities by the RAC, the Office of the 
Director, NIH, and the Advisory Com- 
mittee to the Director, NIH. 

Several commentators specifically 
urged that the guidelines spell out the 


NOTICES 
procedures to be used for the follow- 


@ To develop and amend the list of 
“non-novel experiments”; 

eTo permit the Director, on the 
advice of the RAC, to grant exceptions 
from prohibited experiments, such as 
for risk-assessment experiments; 

eTo certify host-vector systems; 

@To modify guidelines in the future. 

There were also suggestions that 
guidance be given on how to deal with 
infractions of the guidelines. Specifi- 
cally, one commentator suggested that 
procedures outline in detail: 

eHow charges of non-compliance 
could be brought; 

eHow charges of non-compliance 
would be evaluated; 

eWhat opportunities would be pro- 
vided for the principal investigator 
and his institution to defend them- 
selves against charges; and 

eWhat appeals procedures would be 
available before the termination of 
funding or the invoking of other pen- 
alties. 

Because of the key role of the RAC 
in the development and monitoring on 
NIH recombinant DNA policies, a 
number of comments were directed to 
its composition and functions. Many 
commentators focused on the RAC’s 
membership, urging that the guide- 
lines define procedures for nomination 
and selection of members. Suggestions 
for potential membership on the RAC 
included more representation for cer- 
tain scientific disciplines, such as viro- 
logy and microbiology; greater repre- 
sentation of individuals skilled in occu- 
pational and environmental health 
and safety; and more public represen- 
tation, including perhaps a “dissenter” 
from current NIH policies. 

A number of comments concerned 
Committee operations. The RAC was 
urged to formalize schedules so that 
all would know when it would meet 
over the next 2 to 3 years. Further, it 
was urged that notices and complete 
agendas be placed in the FEepERAL REc- 
IsteR for each meeting; that all docu- 
ments for Committee consideration be 
made available to the public; and that 
the NIH pay for public witnesses to 
attend meetings of the RAC. 

In response to these comments, Part 
IV of the guidelines has been reorga- 
nized extensively. The responsibilities 
from the local to national level have 
been stated and defined more clearly. 
Further, for NIH responsibilities, pro- 
cedures suggested by commentators 
have been specified to afford opportu- 
nity for public comment. A special ap- 
pendix to the guidelines includes rele- 
vant implementation documents from 
ORDA that explain the administra- 
tion of the NIH guidelines at the local 
and national levels. 

From the beginning, the NIH has 
gone to great lengths to insure proce- 


dural due process for the public and 
scientific communities. The RAC con- 
ducts all meetings in the open, and 
files notice of each meeting in the Fep- 
ERAL REGISTER. All the documents 
listed on the agenda of the RAC meet- 
ings have been available to the public. 
Additionally, the Advisory Committee 
to the Director, NIH, has provided a 
public forum on the 1976 guidelines 
and now on the proposed revisions. 
The public hearing in February 1976 
on the originally proposed guidelines 
resulted in extensive revision of that 
proposal. The PRG-RAC was pub- 
lished in the FeperaL REGISTER on Sep- 
tember 27, 1977, for public comment, 
and the meeting of the Director’s Ad- 
visory Committee held in December 
1977 was announced in the FEDERAL 
REGISTER. In addition to a general invi- 
tation for public testimony, the NIH 
provided funds for witnesses from the 
public, private, and scientific sectors 
to attend and present their views. 

The proposed reorganization of Part 
IV has more clearly defined a struc- 
ture for responsibilities at the local 
and national level, with opportunity 
for public and scientific participation. 
It makes more formal a process that 
has been occurring informally. Flexi- 
bility, however, remains essential to 
avoid unnecessary and protracted 
delays in decisionmaking. Clearly a 
full panoply of review, including a 
public hearing, is not essential for 
most of the functions under the guide- 
lines. For many functions, the need 
for public review can be met through 
publication in the FEDERAL REGISTER. 
For certain responsibilities comment 
may be solicited. Because procedures 
by which policies will be developed at 
the national and local levels are of key 
importance, notice for major policy 
initiatives is required. I believe the re- 
organization of Part IV achieves that 
goal. 

Application to the Private Sector. 
Several commentators spoke on the 
application of the NIH guidelines to 
the private sector. Specifically, the 
NIH was urged to provide, voluntarily, 
to the private sector, the following: 

eAdvice on interpretation of the 
guidelines; 

eRegistration of projects; 

eCertification of host-vector sys- 
tems; 

eAdvice on the operation of institu- 
tional biosafety committees; and — 

@FProtection for patent and propri- 
etary information. 

Prior to the release of the guidelines 
in June 1976, representatives of pri- 
vate industry were invited to NIH to 
be briefed on the guidelines. Since the 
release of the guidelines, several other 
meetings with representatives from 
the private sector have been held. 
Commerce Department representa- 
tives on the Interagency Committee 
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played a lead role in working with pri- 
vate industry leading to the agreement 
of relevant industries to abide by the 
safety standards of the NIH guide- 
lines. 

Many of the services provided by the 
NIH to its grantees and contractors 
had not been extended to the private 
sector. After carefully considering the 
comments at the public hearing and in 
correspondence received, I now believe 
the NIH should extend certain ser- 
vices to the private sector in several of 
the areas suggested by the commenta- 
tors. A new section has been added to 
Part IV that provides the opportunity 
for private industry participation in a 
voluntary fashion. If legislation is en- 
acted, the NIH Guidelines will serve as 
the basis for regulation that will en- 
compass the private sector. 

Occupational and Environmental 
Safety. A key concern of all commenta- 
tors was the need for programs in oc- 
cupational and environmental safety, 
that would include health surveillance 
for laboratory personnel and the com- 
munity. As I stated in my Decision in 
1976, the NIH has a special) responsi- 
bility for national leadership in pro- 
grams for laboratory safety. This re- 
sponsibility is a critical one and we 
must accept it. Recombinant DNA re- 
search policies have stimulated a 
broad NIH commitment and interest 
in laboratory safety. The PRG-NIH 
reflects that commitment. As previous- 
ly described, there are several training 
programs that the NIH has undertak- 
en and supported. Several NIH com- 
mittees are involved in development of 
policies in this area. The newly updat- 
ed and expanded supplement to the 
PRG-NIH entitled, “Laboratory 
Safety Monograph,” reflects the grow- 
ing experience in this area. 

A collaborative effort has been initi- 
ated between NIH and the Center for 
Disease Control (CDC) te establish a 
mechanism for providing advice, con- 
sultation, and if necessary, assistance 
regarding major accidents in laborato- 
ries involved in recombinant DNA re- 
search. It was not considered neces- 
sary to have a standing “strike force” 
as suggested by one commentator; 
however, in the event of an emergen- 
cy, a team of experts from NIH and 
CDC could be formed to respond, de- 
pending on the nature of the problem. 

Several commentators suggested 
that the NIH examine laboratory 
work involving genetic techniques 
other than recombinant DNA re- 
search. Indeed, it was recommended 
that another advisory committee akin 
to the RAC be established to propose 
standards for work involving biosafety, 
generally. I appreciate and understand 
this concern. The NIH over the past 
year and a half has created several in- 
ternal committees that are critically 
examining different areas where labo- 
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ratory work is conducted with poten- 
tial biohazards. These committees are 
considering possible recommendations 
for safety standards. 

Another commentator also urged 


the NIH to consider a forum for deal-. 


ing with social issues related to “genet- 


ic engineering.” The NIH responsibili- - 


ty to date has been in addressing 
policy questions involving safety of re- 
combinant DNA research in single 
cells in the laboratory. I recognize the 
importance of the potential future ap- 
plication of this and other genetic re- 
search to the altering of the genetic 
character of higher forms of life in- 
cluding man. However, the application 
of this research to the “genetic engi- 
neering” of man is clearly far from im- 
minent. In light of public concern, a 
study is warranted of the ethical, 
legal, and social implications of these 
techniques. The National Commission 
for the Protection of Human Subjects 
of Biomedical and Behavioral research 
considered, but was unable to initiate, 
a study because of its pressing work- 
load. Such a study, however, should be 
a key priority for the Commission cur- 
rently being considered by Congress as 
part of the legislation to regulate re- 
combinant DNA research. 

It has also been suggested that the 
NIH work closely with other relevant 
research and regulatory agencies, par- 
ticularly the Environmental Proiec- 
tion Agency and the Occupational 
Safety and Health Administration. 
Indeed, the NIH, from the inception of 
the Guidelines, has worked to foster 
cooperation among the Federal agen- 
cies. Prior to the release of the Guide- 
lines, representatives from _ several 
agencies met at the NIH for a briefing 
on the Guidelines. After the release of 
the Guidelines, the question of. their 
extension to the rest of the Federal 
Government and the private sector 
prompted the creation of an Inter- 
agency Committee. This Federal Inter- 
agency Committee on Recombinant 
DNA Research on which I have served 
as Chairman, was created by the Sec- 
retary of HEW at the request of the 
President in October 1976. It is com- 
posed of all relevant Federal research 
and regulatory agencies and has pro- 
vided for coordination of Federal poli- 
cies concerning recombinant DNA re- 
search. In March 1977, the committee 
developed recommendations for legis- 
lation. 

It was suggested by a commentator 
that. the NIH address the internation- 
al implications of control of recombin- 
ant DNA research. Indeed, the Federal 
Interagency Committee issued in No- 
vember 1977 a thorough and compre- 
hensive review of all guidelines for 
such research internationally with rec- 
ommendations for continued coopera- 
tion. This report is available from the 
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Office of Recombinant DNA Activi- 
ties, NIH, Bethesda, Md. 20014. 


Responsibilities of NIH (Specific) 


Office of the Director. As suggested 
by the commentators, for purposes of 
clarity, the responsibilities of the NIH 
Director. have been grouped under a 
specific heading in the PRG-NIH enti- 
tled “Office of the Director, NIH.” 
These responsibilities (many of which 
are mentioned in Parts I, II, and III of 
the PRG-NIH, and are repeated again 
in Part IV) include: final interpreta- 
tion of the Guidelines; revision and 
amendment of the Guidelines; certifi- 
cation of new host-vector systems; pro- 
mulgating and amending a list of 
classes of recombinant DNA molecules 
to be exempt from the Guidelines; per- 
mitting specific exceptions to the Pro- 
hibitions in the Guidelines; approving 
changes in containment levels for spe- 
cific experiments; designating certain 
agents which are listed as Class 2 
agents, as Class 1 agents for the pur- 
poses of the Guidelines; and oversee- 
ing the implementation of the Guide- 
lines. For many of the responsibilities, 
appropriate notice and opportunity 
for public comment will be provided. 

Recombinant Advisory Committee. 
At the hearing in 1976, many commen- 
tators made suggestions concerning 
the structure, function, and scope of 
responsibility of the RAC. Comments 
on possible structural mechanisms for 
decision-making included suggestions 
that there be a scientific and technical 
committee and a general advisory 
public policy committee. It was also 
suggested that the scientific commit- 
tee include scientists who are to ac- 
tively engaged in recombinant DNA 
research, and that the public policy 
committee have a broad scientific and 
public representation. In response to 
those suggestions in 1976, the roles of 
the RAC and the NIH Advisory Com- 
mittee to the Director (DAC) were 
spelled out. The RAC responsibility 
has been primarily a scientific and 
technical one with recommendations 
for revisions of the Guidelines re- 
viewed by the DAC, the public adviso- 
ry group. In the main, that process 
has worked well over the past 1% 
years and its structure is maintained 
in the PRG-NIH. 

I am acutely aware of the need for 
broad scientific representation on the 
RAC, and I have carefully considered 
these needs in the selection of new 
members. The emphasis has been to 
ensure relevant scientific representa- 
tion. It is absolutely essential that this 
committee have the technical exper- 
tise necessary to develop, modify, and 
interpret the Guidelines based on sci- 
entific evidence. Additonal representa- 
tives have been added from scientific 
disciplines, such as botany, to ensure a 
broad scientific overview. As a bridge 
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between the scientific and the public 
policy implications, public members 
now serve on the RAC and additional 
public members may be added. Cur- 
rent public members are Dr. Emmette 
S. Redford, Ashbel Smith Professor of 
Governement and Public Affairs, 
Lyndon B. Johnson School of Public 
Affairs, University of Texas at Austin; 
and Dr. LeRoy Walters, Director, 
Center for Bioethics, Kennedy Insti- 
tute, Georgetown University. Both 
have served’ the public interest well 
and have done a superb job as have all 
members of the committee. The task 
for all RAC members has been enor- 
mous and their work and spirit of co- 
operation have been exemplary. 

In order to ensure fairness, and sen- 
sitivity to the public commentators, 
solicitation of nominations for open- 
ings on the RAC will be in accord with 
the recommendations of the NIH 
Grants Peer Review Study Team con- 
cerning announcements of vacancies 
on committees. Thus, NIH will pub- 
lish, periodically, an announcement of 
upcoming vacanices on the RAC with 
instructions on how to submit nomina- 
tions. By this means I will be able to 
consider carefully a wide spectrum of 
nominations and assure appropriate 
representation suited to the needs of 
this committee. 

One commentator suggested that 
representatives from Federal agencies 
serve on the RAC. Several agencies, in- 
cluding the National Science Founda- 
tion, the Department of Energy, and 
the Department of Agriculture, have 
liaison representatives who come regu- 
larly to the RAC meetings and, of 
course, the Federal Interagency Com- 
mittee is kept fully informed of the ac- 
tivities of this committee. 

It was also recommended by a com- 
mentator that the NIH finance the 
cost of attendance at RAC meetings 
by interest members of the public. For 
the present I do not believe such a 
policy is necessary, especially in light 
of the responsibilities of the DAC for 
public oversight where public wit- 
nesses may be invited and their ex- 
penses paid (as they were at the De- 
cember 1977 hearing). All RAC meet- 
ings are announced in the FEDERAL 
REGISTER and are open to the public. 

In sum, the operations of the RAC 
have been more clearly detailed in the 
PRG-NIH. The procedures for the se- 
‘lection of members and the operations 
of the committee have been, or are in 
the process of being, formalized for 
the benefit of the scientific communi- 
ty and the public. 

NIH Components. A new section now 
describes all other functions of the 
NIH including the responsibilities of 
the Office of Recombinant DNA Activ- 
ities (ORDA). Several commentators 
at the public hearing in 1976 urged 
that the NIH create an office to co- 
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ordinate recombinant DNA activities. 
On the basis of these suggestions, 
ORDA was created and Dr. William 
Gartland was named Director. Since 
its creation, ORDA has done.a splen- 
did job in fulfilling very difficult tasks 
in the implementation of the NIH 
Guidelines. Dr. Garland, who also 
serves as Executive Secretary to the 
RAC, has provided a focus for coordi- 
nation of activities within the NIH 
and with institutional biosafety com- 
mittees. 

It is important to note that the re- 
sponsibility of the NIH peer review 
groups (e.g., study sections) for an in- 
dependent assessment of the recom- 
binant DNA research protocols has 
been eliminated. This résponsibility 
will now solely be that of ORDA in 
conjunction with the institutional bio- 
safety committee. In the 1% years of 
our experience, such review by NIH 
peer review groups has been found to 
be unnecessary and an additional 
burden on these groups. 

Several commentators urged new re- 
sponsibilities for ORDA and additional 
personnel to fulfill them. Several 
urged that ORDA be responsible for 
inspecting and certifying laboratories 
at the P3 level. At the present time P4 
facilities are operating at the Freder- 
ick Cancer Research Center in Freder- 
ick, Md, and at the NIH in Bethesda, 
Md; no other P4 facilities for recom- 
binant DNA research are in operation 
nationally. The NIH has the responsi- 
bility under the Guidelines to certify 
P4 facilities because of their special 
nature. However, a P3 facility does not 
require special expertise at a national 
level; and there is no need for national 
certification of P3 facilities. As speci- 
fied, the local institution has responsi- 
bility for monitoring and certifying fa- 
cilities from the P1 to the P3 level and 
that, indeed, should be a local respon- 
sibility. 

Several commentators urged greater 
dissemination of information to the 
public and scientific community alike. 
ORDA has a key responsibility for the 
dissemination of information through 
the “Recombinant DNA Technical 
Bulletin.” The Bulletin is a new publi- 
cation that attempts to link investiga- 
tors involved in recombinant DNA re- 
search, both in the United States and 
abroad, with the advisory groups and 
organizations active in this area. In 
light of comments received, the Bulle- 
tin will include more information for 
institutional biosafety committees, as 
well as for the advisory groups at the 
national and local levels. It was sug- 
gested that ORDA provide advice to 
state and local governments, and to 
the most practical extent, ORDA will 
be available to state and local govern- 
ments for technical advice. In large 
part, ORDA serves as a clearinghouse 
for information related to recombin- 


ant DNA activities internationally, na- 
tionally, and locally. 


Registration and Compliance (Gener- 
al) 


Over the past 2 years in the adminis- 
tration of the NIH Guidelines, it has 
been clear to me that a new section 
should be added on the general re- 
quirements for registration of activi- 
ties with the NIH, not only for NIH 
grantees or contractors, but also, on a 
voluntary basis, for the private sector. 
Further, in light of the review of HEW 
policies on the patenting of recombin- 
ant DNA research inventions, a section 
on disclosure of information was also 
necessary. And finally, as suggested, a 
section on compliance with the Guide- 
lines was needed. Thus, new sections C 
and D have been added under “Roles 
and Responsibilities” covering Regis- 
tration. (including disclosure of infor- 
mation) and Compliance. Many com- 
ments on the Guidelines over the past 
1% years and at the public hearing in 
December 1977 urged that these provi- 
sions be added, and in my view, they 
are necessary in the absence of legisla- 
tion. Further, if legislation were to 
pass, these provisions could serve as a 
model for the regulations to be pro-. 
mulgated on-the basis of the legisla- 
tion. As in 1976, I believe the Guide- 
lines should not become regulations 
without new legislation specifically 
mandating this. 


Registration and Compliance (Spe- 
cific) 

Section IV-C has been added provid- 
ing the elements for registration. 
Other requirements may need to be 
added; notice will be given of any 
change in the requirements. All pro- 
jects subject to the Guidelines must be 
registered with ORDA. A mechanism 
for voluntary registration by the pri- 
vate sector has been provided in re- 
sponse to suggestions by private sector 
representatives. A requirement for 
registration is that the registrant must 
agree to abide by the standards of the 
Guidelines. 

Many comments were directed to the 
protection of proprietary information. 
A new section outlining the elements 
for protection of proprietary data has 
been included in response to these sug- 
gestions. 

One commentator urged that no pat- 
ents be granted for recombinant DNA 
research inventions. Shortly after the 
release of the Guidelines in 1976, NIH 
received a letter requesting a review of 
HEW policies relating to the patenting 
of recombinant DNA research inven- 
tions. The letter prompted NIH to 
review current patent regulations gov- 
erning existing institutional patent 
agreements and to consider how re- 
combinant DNA research inventions 
should be handled under the terms of 
those agreements. On the basis of ex- 
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tensive Department and Interagency 
Committee review, it was agreed that, 
at least for the present, recombinant 
DNA research inventions developed 
under HEW/NIH support should con- 
tinue to be administered within cur- 
rent HEW patent agreements. Each 
agreement, however, would require 
that licenses could.be granted only if 
the licensee provides assurance of 
compliance with the physical and bio- 
logical containment standards _ set 
forth in the Guidelines. My decision 
and analysis on this were released in 
March 1978. A copy is available from 
the Office of Recombinant DNA Activ- 
ities, NIH, Bethesda, Md. 20014. Thus, 
I do not believe that a restriction of 
patents in this research area is war- 
ranted. 
_ A commentator urged that a system 
of fines be spelled out. NIH has no au- 
thority to impose fines in the absence 
of new legislation. However, NIH will 
suspend, limit, or terminate a grant or 
contract for noncompliance with the 
Guidelines. A commentator urged that 
penalty procedures be _ specified. 
Should it be necessary to suspend, 
limit, or terminate a grant, appropri- 
ate HEW procedures will be followed. 
In sum, Part IV of the Guidelines on 
Roles and Responsibilities has been 
substantially revised in response to 
the suggestions from many commenta- 
tors. The Guidelines now provide even 
more opportunity for advice from the 
local to the national level. The spirit 
of cooperation and effective oversight 
will be enhanced by the revised Guide- 
lines both at the local level between 
the research community and the 
public and at the national level with 
Federal agencies, the scientific com- 
munity, and private sectors. 


DONALD S. FREDRICKSON, 


Director, 
National Institutes of Health. 
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I. SCOPE OF THE GUIDELINES 


I-A. Purpose. The purpose of these 
guidelines is to specify practices for 
constructing and handling (i) recom- 
binant DNA molecules and (ii) organ- 
isms and viruses containing recombin- 
ant DNA molecules. 

I-B. Definition of Recombinant DNA 
Molecules. In the context of these 
guidelines, recombinant DNA mole- 
cules are defined as either (i) mole- 
cules which are constructed outside 
living cells by joining natural or syn- 
thetic DNA segments to DNA mole- 
cules that can replicate in a living cell, 
or (ii) DNA molecules that result from 
the replication of those described in (i) 
above. 

I-C. General Applicability. The 
guidelines are applicable to all recom- 
binant DNA research within the 
United States or its territories con- 
ducted at or sponsored by an institu- 
tion that receives any support for re- 
combinant DNA research from NIH. 
This includes research performed di- 
rectly by NIH. 

Any individual receiving support. 
must be associated with or sponsored 
by an institution which can and does 
assume responsibilities described in 
these guidelines. 

Once approved at the local level, re- 
search may proceed but shall be modi- 
fied in accordance with the recommen- 
dations of the NIH if found not to 
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comport with requirements of the NIH 
guidelines. 

The guidelines are also applicable to 
projects done abroad if they are sup- 
ported by NIH funds. If the host coun- 
try has established rules for the con- 
duct of recombinant DNA projects, 
then a certificate of compliance with 
the host country rules may be submit- 
ted to NIH in lieu of compliance with 
the guidelines. NIH reserves the right 
to withhold funding if the safety prac- 
tices to be employed are not reason- 
ably consistent with the NIH guide- 
lines. In any case, a memorandum of 
understanding and agreement (MUA) 
shall be submitted to NIH for pur- 
poses of registration. 

I-D. Prohibitions. The following ex- 
periments are not to be initiated at 
the present time: : 

I-D-1. Formation of recombinant 
DNA’s derived from the pathogenic or- 
ganisms classified(1) as class 3, 4, or 
5(2) or from cells known to be infected 
with such agents, regardless of the 
host-vector system used. 

I-D-2. Deliberate formation of re- 
combinant DNA’s containing genes for 
the biosynthesis of potent toxins (e.g., 
botulinum oor _ diphtheria toxins; 
venoms from insects, snakes, etc.). 

I-D-3. Deliberate creation by the use 
of recombinant DNA of a plant patho- 
gen with increased virulence and host 
range beyond that which occurs by 
natural genetic exchange. 

I-D-4. Deliberate release into the en- 
vironment of any organism containing 
recombinant DNA. 

I-D-5. Deliberate transfer of a drug 
resistance trait to micro-organisms 
that are not known to acquire it natu- 
rally, if such acquisition could compro- 
mise the use of a drug to control dis- 
ease agents in human or veterinary 
medicine or agriculture. 

I-D-6. Large-scale experiments (e.g., 
more than 10 liters of culture) with or- 
ganisms containing recombinant 
DNA’s, unless the recombinant DNA’s 
are rigorously characterized and are 
shown to be free of harmful genes.(3) 

We differentiate between small- and 
large-scale experiments with organ- 
isms containing recombinant DNA’s 
because the probability of escape from 
containment barriers normaliy in- 
creases with increasing scale. 

Experiments in these categories may 
be excepted(4) from the prohibitions 
(and will at that time be assigned ap- 
propriate levels of physical and bio- 
logical containment) provided that 
these experiments are expressly ap- 
proved by the Director, NIH, on rec- 
ommendation of the Recombinant 
DNA Advisory Committee after appro- 
priate notice and opportunity for 
public comment. In making such ex- 
ceptions, weight will be given both to 
scientific and societal benefits and to 
potential risks. 
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I-E. Exemptions. It must be empha- 
sized that the following exemptions(4) 
are not meant-to apply to experiments 
described in the section I-D as being 
prohibited. 

The following recombinant DNA 
molecules are exempt from these 
guidelines, and no registration with 
NIH is necessary: 

I-E-1. Those that are not in organ- 
isms or viruses.(5) 

JI-E-2. Those that consist entirely of 
DNA segments from a single nonchro- 
mosomal or viral DNA sources, though 
one or more of the segments may be a 
synthetic equivalent. 

I-E-3. Those that consist entirely of 
DNA from a prokaryotic host, includ- 
ing its indigenous plasmids or virsuses, 
when propagated only in that host (or 
closely related strain of the same spe- 
cies); also those that consist entirely 
of DNA from a eukaryotic host, in- 
cluding its chloroplasts, mitochondria, 
or plasmids (but excluding viruses), 
when propagated only in that host (or 
a closely related strain of the same 
species). 

I-E-4. Certain specified recombinant 

DNA molecules that consist entirely of 
DNA segments from different species 
that exchange DNA by known physio- 
logical processes, though one or more 
of the segments may be a synthetic 
equivalent. A list of such exchangers 
will be prepared and periodically re- 
vised by the Director, NIH, on the rec- 
ommendation of the Recombinant 
DNA Advisory Committee, after ap- 
propriate notice and opportunity for 
public comment. Certain classes are 
exempt as of publication of these re- 
vised guidelines. The list in appendix 
A. An updated list may be obtained 
from the Office of Recombinant DNA 
Activities, National Institutes of 
Health, Bethesda, Md. 20014. 
' J-E-5. Other classes of recombinant 
DNA molecules if the Director, NIH, 
on the recommendation of the Recom- 
binant DNA Advisory Committee, 
after appropriate notice and opportu- 
nity for public comment, finds that 
they do not present a significant risk 
to health or the environment. 

I-F. General Definitions. The follow- 
ing terms, which are used throughout 
these guidelines, are defined as fol- 
lows: 

I-F-1. “DNA” means deoxyribo- nu- 
cleic acid. 

I-F-2. “Recombinant DNA mole- 
cule” means either (i) molecules which 
are constructed outside living cells by 
joining natural or synthetic DNA seg- 
ments to DNA molecules that can rep- 
licate in a living cell, or (ii) DNA mole- 
cules which result from the replication 
of a molecule described in (i) above. 

I-F-3. ‘“‘Director” means the Director 
of the National Institutes of Health 
(NIH) and any other officer or em- 


ployee of NIH to whom authority has 
been delegated. 

I-F-4. “Institution” means any 
public or private entity (including Fed- 
eral, State, and local government 
agencies). 

I-F-5. “Memorandum of Under- 
standing and Agreement” or “MUA” 
means ‘an institution’s certification to 
NIH that the project will comply with 
the guidelines. See appendix C regard- 
ing the form and contents of an MUA. 

I-F-6. “Institutional Biosafety Com- 
mittee” or “IBC” is discussed in detail 
in section IV-A-2. 

I-F-7. “Area Biosafety Committee” 
or “ABC” means that in special cir- 
cumstances, in consultation with the 
NIH Office of Recombinant DNA Ac- 
tivities, an Area Biosafety Committee 
may he formed, composed of members 
from the institution and other organi- 
zations beyond its own staff, as an al- 
ternative to an IBC when additional 
expertise outside the institution is 
needed for the indicated reviews. 

I-F-8. “Recombinant DNA Advisory 
Committee” or. “RAC” means the 
public advisory committee that shall 
advise the Secretary, Assistant Secre- 
tary for Health, and the Director of 
the National Institutes of Health, con- 
cerning recombinant DNA research. 
The RAC shall consist of members 
who shall be selected from persons 
knowledgeable in the fields of recom- 
binant DNA technology, biological 
safety, and community interests. 
Nominations for the RAC may be sub- 
mitted to ORDA and will be ccnsid- 
ered in accordance with established 
nomination procedures for NIH peer 
review groups. 

I-F-9. “NIH Office of Recombinant 
DNA Activities” or “ORDA” means 
the office within NIH with responsibil- 
ity to (i) review and coordinate all ac- 
tivities of NIH related to the guide- 
lines; (ii) foster the interrelationships 
between NIH and other Government 
agencies, private foundations, profes- 
sional societies and industry, in order 
to assure coordination of activities; 
(iii) promote international coopera- 
tion; (iv) review the composition of In- 
stitutional Biosafety Committees; (v) 
review MUA’s; (vi) develop registries 
of activities related to. recombinant 
DNA research (laboratories, projects, 
new containment facilities, etc.); and 
(vii) prepare regular reports. 


II. CONTAINMENT 


Effective biological safety programs 
have been operative in a variety of lab- 
oratories for many years. Considerable 
information therefore already exists 
for the design of physical containment 
facilities and the selection of labora- 
tory procedures applicable to organ- 
isms carrying recombinant DNA’s. (6- 
19) The existing programs rely upon 
mechanisms that, for convenience, can 
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be divided into two categories: (i) a set 
of standard practices that are general- 
ly used in microbiological laboratories, 
and (ii) special procedures, equipment, 
and laboratory installations that pro- 
vide physical barriers which are ap- 
plied in varying degrees according to 
the estimated biohazard. 

Experiments on:recombinant DNA’s, 
by their very nature, lend themselves 
to a third containment mechanism— 
namely, the application of highly spe- 
cific biological barriers. In fact, natu- 
ral barriers do exist which limit either 
(i) the infectivity of a vector, or vehi- 
cle, (plasmid, bacteriophage, or virus) 
to specific hosts or (ii) its dissemina- 
tion and survival in the environment. 
The vectors that provide the means 
for replication of the recombinant 
DNA’s and/or the host cells in which 
they replicate can be genetically de- 
signed to decrease by many orders of 
magnitude the probability of dissemi- 
nation of recombinant DNA’s outside 
the laboratory. 

As these three means of contain- 
ment are complimentary, different 
levels of containment appropriate for 
experiments with different recombin- 
ants can be established by applying 
various combinations of the physical 
and biological barriers along with a 
constant use of the standard practices. 
We consider these categories of con- 
tainment separately here in order that 
such combinations can be conveniently 
expressed in the guidelines. 

In constructing these guidelines, it 
was necessary to define boundary con- 
ditions for the different levels of phys- 
ical and biological containment and 
for the classes of experiments to 
which they apply. We recognize that 
these definitions do not take into ac- 
count all existing and anticipated in- 
formation on special procedures that 
will allow particular experiments to be 
carried out under different conditions 
than indicated here without affecting 
risk. Indeed, we urge that individual 
investigators devise simple and more 
effective containment procedures and 
that investigators and institutional 
biosafety committees recommend 
. Changes in the guidelines to permit 
their use. 

III-A. Standard Practices and Train- 
ing. The first principle of containment 
is a strict adherence to good microbio- 
logical practices. (6-15) Consequently, 
all personnel directly or indirectly in- 
volved in experiments on recombinant 
DNA’s must receive adequate instruc- 
tion. This should as a minimum in- 
clude instruction in aseptic techniques 
and in the biology of the organisms 
used in the experiments, so that the 
potential biohazards can be under- 
stood and appreciated. 

Any research group working with 
agents with a known or potential bio- 
hazard should have an emergency 


NOTICES 
plan which describes the procedures to 


‘be followed if an accident contami- 


nates personnel or the environment. 
The principal investigator must insure 
that everyone in the laboratory is fa- 
miliar with both the potential hazards 
of the work and the emergency plan. 
If a research group is working with a 
known pathogen for which an effec- 
tive vaccine is available, all workers 
should be immunized. Serological 
monitoring; where appropriate, should 
be provided. 

II-B. Physical Containment Levels. 
The objective of physical containment 
is to confine organisms containing 
novel recombinant DNA molecules, 
and thus to reduce the potential for 
exposure of the laboratory worker, 
persons outside of the laboratory, and 
the environment to organisms contain- 
ing novel recombinant DNA molecules. 
Physical containment is achieved 
through the use of laboratory prac- 
tices, containment equipment, and spe- 
cial laboratory design. Emphasis is 
placed on primary means of physical 
containment which are provided by 
laboratory practices and containment 
equipment. Special laboratory design 
provides a secondary means of protec- 
tion against the accidental release of 
organisms outside the laboratory or to 
the environment. Special laboratory 
design is used primarily in facilities in 
which experiments of moderate to 
high potential hazard are performed. 

Combinations of laboratory prac- 
tices, containment equipment, and spe- 
cial laboratory design can be made to 
achieve different levels of physical 
containment. Four levels of physical 
containment, which are designated as 
Pl, P2, P3, and P4, are described. It 
should be emphasized that the de- 
scriptions and assignments of physical 
containment detailed below are based 
on existing appproaches, to contain- 
ment of pathogenic organisms. For ex- 
ample, the “Classification of Etiologic 
Agents on the Basis of Hazard,” (7) 
prepared by the Center for Disease 
Control, describes four general levels 
which roughly correspond to our de- 
scriptions for Pl, P2, P3, and P4; and 
the National Cancer Institute de- 
scribes three levels for research on on- 
cogenic viruses which roughly corre- 
spond to our P2, P3, and P4 levels.(8) 

It is recognized that several differ- 
ent combinations of laboratory prac- 
tices, containment equipment, and spe- 
cial laboratory design may be appro- 
priate for containment of specific re- 
search activities. The guidelines, 
therefore, allow alternative selections 
of primary containment equipment 
within facilities that have been de- 
signed to provide P3 and P4 levels of 
physical containment. The selection of 
alternative methods of primary con- 
tainment is dependent, however, on 
the level of biological containment 
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provided by the host-vector system 
used in the experiment. Consideration 
will also be given by the Recombinant 
DNA Advisory Committee to other 
combinations which achieve an equiva- 
lent level of containment. Additional 
material on physical containment for 
plant host-vector systems is found in 
sections III-C-3 and ITI-C-4. 

II-B-1. P1 Level. 

II-B-1-a. Laboratory Practices. 

II-B-1-a-(1). Laboratory doors shall 
be kept closed while experiments are 
in progress. 

II-B-1-a-(2). Work surfaces shall be 
docontaminated daily, and immediate- 
ly following spills of organisms con- 
taining recombinant DNA molecules. 

I-B-1-a-(3). All biological wastes 
shall be decontaminated before dispos- 
al. Other contaminated materials such 


-@S glassware, animal cages, and labora- 


tory equipment shall be decontaminat- 
ed before washing, reuse, or disposal. 

II-B-1-a-(4). Mechanical pipetting 
devices shall be used; pipetting by 
mouth is prohibited. 

II-B-1-a-(5). Eating, drinking, smok- 
ing, and storage of foods are not per- 
mitted in the working area. 

II-B-1-a-(6). Persons shall wash 
their hands after handling organisms 
containing recombinant DNA mole- 
cules and when they leave the labora- . 
tory. 

II-B-1-a-(7). Care shall be taken in 
the conduct of all procedures to mini- 
mize the creation of aerosols. 

II-B-1-a-(8). Contaminated materi- 
als that are to be decontaminated at a 
site away from the laboratory shall be 
placed in a durable leak-proof contain- 
er which is closed before removal from 
the laboratory. 

II-B-1-a-(9). An insect and rodent 
control program shall be instituted. 

II-B-1-a-(10). The use of laboratory 
gowns, coats, or uniforms is discretion- 
ary with the laboratory supervisor. 

TI-B-1-a-(11). Use of the hypoder- 
mic needle and syringe shall be avoid- 
ed when alternative methods are avail- 
able. 

II-B-1-b. Containment ‘Equipment. 
Special containment equipment is not 
required at the P1 level. 

II-B-1-c. Special Laboratory Design. 
Special laboratory design is not re- 
quired at the P1 level. 

II-B-2. P2 Level. 

II-B-2-a. Laboratory Practices. 

II-B-2-a-(1). Laboratory doors shall 
be kept closed while experiments are 
in progress. 

II-B-2-a-(2). Work surfaces shall be 
decontaminated daily, and immediate- 
ly following spills of organisms con- 
taining recombinant DNA molecules. 

II-B-2-a-(3). All biological wastes 
shall be decontaminated before dispos- 
al. Other contaminated materials such 
as glassware, animal cages, and labora- 
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tory equipment shall be decontaminat- 
ed before washing, reuse, or disposal. 

II-B-2-a-(4). Mechanical pipetting 
devices shall be used; pipetting by 
mouth is prohibited. 

II-B-2-a-(5). Eating, drinking, smok- 
ing, and storage of food are not per- 
mitted in the laboratory area. 

II-B-2-a-(6). Persons shall wash 
their hands after handling organisms 
containing recombinant DNA mole- 
cules and when they leave the labora- 
‘tory. 

II-B-2-a-(7). *Care shall be exer- 
cised to minimize the creation of aero- 
sols. For example, manipulations such 
as inserting a hot inoculating loop or 
needle into a culture, flaming an in- 
oculation loop or needle so that it 
splatters, and forceful ejection of 
fluids from pipettes or syringes shall 
be avoided. 

II-B-2-a-(8). Contaminated materi- 
als that are to be decontaminated at a 
site away from the laboratory shall be 
placed in a durable leak-proof contain- 
er which is closed before removal from 
the laboratory. 

II-B-2-a-(9). *Only persons who 
have been advised of the nature of the 
research being conducted shall enter 
the laboratory. 

II-B-2-a-(10). *Children under 12 
years of age shall not enter the labora- 
tory. 

II-B-2-a-(11). *The universal bioha- 
zard sign shall be posted on all labora- 
tory access doors when experiments 
requiring P2 containment are in pro- 
gress. Freezers and refrigerators used 
to store organisms containing recom- 
binant DNA molecules shall also be 
posted with the universal biohazard 
sign. 

II-B-2-a-(12). An insect and rodent 
control program shall be instituted. 

II-B-2-a-(13). *The use of laboratory 
gowns, coats, or uniforms is required. 
Laboratory clothing shall not be worn 
to the lunch room or outside of the 
building in which the laboratory is lo- 
cated. 

II-B-2-a-(14). *Animals not. related 
to the experiment shall not be permit- 
ted in the laboratory. 

II-B-2-a-(15). Use of the hypoder- 
mic needle and syringe shall be avoid- 
ed when alternative methods are avail- 
able. 

II-B-2-a-(16). *The laboratory shall 
be kept neat and clean. 

II-B-2-a-(17). *Experiments of lesser 
biohazard potential can be carried out 
concurrently in carefully demarcated 
areas of the same laboratory. 

II-B-2-b. Containment Equipment. 
*Biological safety cabinets (20) shall 
be used to contain aerosol-producing 
equipment such as blenders, lyophi- 


*Denotes laboratory practices, contain- 
ment equipment, or special laboratory 
design which were not required at the next 
lower level of containment. 


lizers, sonicators, and centrifuges 
when used to process organisms con- 
taining recombinant DNA molecules, 
except where equipment design pro- 
vides for containment of the potential 
aerosol. For example, a centrifuge may 
be operated in the open if a sealed 
head or safety centrifuge cups are 
used. : 

II-B-2-c. Special Laboratory Design. 
*An autoclave for sterilization of 
wastes and contaminated Ymaterials 
shall be available in the same building 
in which organisms containing recom- 
binant DNA molecules are used. 

II-B-3. P3 Level. , 

II-B-3-a. Laboratory Practices. 

II-B-3-a-(1). Laboratory doors shall 
be kept closed while experiments are 
in progress. 

II-B-3-a-—(2). *Work surfaces shall be 
decontaminated following the comple- 
tion of the experimental activity, and 
immediately folowing spills of organ- 
isms containing recombinant DNA 
molecules. 

II-B-3-a-(3). All biological wastes 
shall be decontaminated before dispos- 
al. Other contaminated materials such 
as glassware, animal cages, and labora- 
tory equipment shall be decontaminat- 
ed before washing, reuse, or disposal. 

II-B-3-a-(4). Mechanical pipetting 
devices shall be used; pipetting by 
month is prohibited. 

II-B-3-a-(5). Eating, drinking, smok- 
ing, and storage of food are not per- 
mitted in the laboratory area. 

II-B-3-a-(6). Persons shall wash 
their hands after handling organisms 
containing recombinant DNA mole- 
cules and when they leave the labora- 
tory. 

II-B-3-a-(7). Care shall be exercised 
to minimize the creation of aerosols. 
For example, manipulations such as 
inserting a hot inoculating loop or 
needle into a culture, flaming an in- 
oculation loop or needle so that it 
splatters, and forceful ejection of 
fluids from pipettes or syringes shall 
be avoided. ° 

II-B-3-a-(8). Contaminated materi- 
als that are to be decontaminated at a 
site away from the laboratory shall be 
placed in a durable leak-proof contain- 
er which is closed before removal from 
the laboratory. 

II-B-3-a-(9). *Entry into the labora- 
tory shall be through a controlled 
access area. Only persons who have 
been advised of the nature of the re- 
search being conducted shall enter the 
controlled access area. Only persons 
required on the basis of program or 
support needs shall be authorized to 
enter the laboratory. Such persons 
shall be advised of the nature of the 
research being conducted before entry, 
and shall comply with all required 
entry and exit procedures. 


II-B-3-a-(10). Children under 12 
years of age shall not enter the labora- 
tory. 

II-B-3-a-(11). *The universal bioha- 
zard sign shall be posted on the con- 
trolled access area door and on all lab- 
oratory doors when experiments re- 
quiring P3-level containment are in 
progress. Freezers and refrigerators 
used to store organisms containing re- 
combinant DNA molecules shall also 
be posted with the universal biohazard 


Sign. 
II-B-3-a-(12). An insect and rodent 


control program shall be. instituted. 

II-B-3-a-(13). *Laboratory clothing 
that protects street clothing (i.e., long- 
sleeve solid-front or wrap-around 
gowns, no-button or slipover jackets, 
etc.) shall be worn in the laboratory. 
Front-button laboratory coats are un- 
suitable. Laboratory clothing shall not 
be worn outside the laboratory and 
shall be decontaminated before it is 
sent to the laundry. 

II-B-3-a-(14). *Raincoats, overcoats, 
topcoats, coats, hats, caps, and such 
street outer-wear shall not be kept in 
the laboratory. 

II-B-3-a-(15). *Gloves shall be worn 
when handling materials requiring P3 
containment. They shall be removed 
aseptically immediately after the han- 
dling procedure and decontaminated. 

II-B-3-a-(16). *Animals and plants 
not related to the experiment shall 
not ber permitted in the laboratory. 

II-B-3-a-(17). *Vacuum outlets shall 
be protected by filter and liquid disin- 
fectant traps. 

II-B-3-a-(18). Use of hypodermic 
needle and syringe shall be avoided 
when alternative methods are availa- 
ble. 

II-B-3-a-(19). The laboratory shall 
be kept neat and clean. 

II-B-3-a-(20). *If experiments in- 
volving other organisms which require 
lower levels of containment are to be 
conducted in the same laboratory con- 
currently with experiments requiring 
P3-level physical containment, they 
shall be conducted in accordance with 
all P3-level laboratory practices. 

II-B-3-b. Containment Equipment. 

II-B-3-b-(1). *Biological safety cabi- 
nets 20 shall be used for all equipment 
and manipulations that produce aero- 
sols—e.g., pipetting, dilutions, transfer 
operations, plating, flaming, grinding, 
blending, drying, sonicating, shaking, 
centrifuging—where these procedures 
involve organisms containing recom- 
binant DNA molecules, except where 
equipment design provides for contain- 
ment of the potential aerosol. 

II-B-3-b-(2). *Laboratory animals 
held in a P3 area shall be housed in 
partial containment caging systems 
such as Horsfall units, open cages 
placed in ventilated enclosures, solid- 
walli-and-bottom cages covered by 
filter bonnets, or _ solid-wall and 
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4 
bottom-cages placed on holding racks 


equipped with ultraviolet radiation . 


lamps and reflectors. (Note: Conven- 
tional caging systems may be used, 
provided that all personnel wear ap- 
propriate personal protective devices. 
These shall include at a minimum wra- 
Pparound gowns, head covers, gloves, 
shoe covers, and respirators. All per- 
sonnel shall shower on exit from areas 
where these devices are required.) 
II-B-3-b-(3). ‘Alternative Selection 
of Containment Equipment. Experi- 
mental procedures involving a host- 
vector system which provides a one- 


Table 


step higher level of biological contain- 
ment than that specified in Part III 
can be conducted in the P3 laboratory 
using containment equipment speci- 
fied for the P2 level of physical con- 
tainment. Experimental procedures in- 
volving a host-vector system which 
provides a one-step lower level of bio- 
logical containment than that speci- 
fied in Part III can be conducted in 
the P3 laboratory using containment 
equipment specified for the P4 level of 
physical containment. Alternative 
combinations of containment safe- 
guards are shown in table I. 


COMBINATICNS OF CONTAINMENT SAFEGUARDS. 





Classification of 
experiment 
according to Guidelines 


Alternate combinations of mhvsical and biological containment 





Physical Containment 





Laboratory 
Physical Biological* design 


containment containment 


Laboratory 
practices 


specified for: svecified for: sxecified for: 


Containment 
equi pment Biological 


contaisment 





P3 Bv3 P3 
P3 HV3 P3 


PJ Hv2 P3 
P3 HV2 ; P3 
P3 Hv2 P3 


P3 HV1 P3 
P3 Rv1 P3 





P3 P3 
P3 P4 


HV3 
HV2 


P3 P3 HV2> 
P3 P2 HV3 

P3 P4 Hv1 
P3 P3 


P3 P2 








“See Section II-D tor description of Piotogicai centainment. 


TI-B-3-c. Special Laboratory Design. 

TI-B-3-e-(1). *The laboratory shall 
be separated from areas which are 
open to unrestricted traffic flow by a 
controlled access area. A controlled 
access area is an anteroom, a change 
room, an air lock or any other double- 
door arrangement which separates the 
laboratory from areas which are open 
to unrestricted traffic flow. 

II-B-3-c-(2). *The surfaces of walls, 
floors, and ceilings shall be readily 
cleanable. Penetrations through these 
surfaces shall be sealed or capable of 
being sealed to facilitate space decon- 
tamination. 

II-B-3-c-(3). *A foot, elbow, or auto- 
matically operated handwashing facili- 
ty shall be provided near each primary 
laboratory exit area. 

IIi-B-3-c-(4). *Windows in the labo- 
ratory shall be sealed. 

II-B-3-c-(5). *Laboratory doors shall 
be self-closing. 

II-B-3-c-(6). *An autoclave for steril- 
ization of wastes and contaminated 
materials shall be available in the 
same building (and preferably within 
the controlled laboratory area) in 
which organisms containing recombin- 
ant DNA molecules are’ used. 

II-B-3-c-(7). *An exhaust air ventila- 


tion system shall be provided. This 
system shall be balanced so that the 
direction of airflow is from the con- 
trolled access area into the laboratory 
environment. The exhaust air shall 
not be recirculated to any other areas 
of the building. Recirculation of air 
within the laboratory room, however, 
may be provided. The exhaust air 
from the laboratory shall be dis- 
charged to the outdoors so that it is 
dispersed clear of occupied buildings 
and air intakes. the exhaust air from 
the laboratory can be discharged to 
the outdoors without filtration or 
other treatment. 

II-B-3-c-(8). *The treated exhaust 
air from class I and class II biological 
safety cabinets (20) may be discharged 
either directly to the laboratory or to 
the outdoors. The treated exhaust air 
from a class III cabinet shall be dis- 
charged directly to the outdoors. If 
the treated exhaust air from these 
cabinets is to be discharged to the out- 
doors through a building exhaust air 
system, it shall be connected to this 
system so as to avoid any interference 
with the air balance of the cabinet or 
building exhaust air system. 

II-B-4. P4 Level. 
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II-B-4-a. Laboratory Practices. 

II-B-4-a-(1). Laboratory doors shall 
be kept closed while experiments are 
in progress. 


IT-B-4-a-(2). Work surfaces shall. be 
decontaminated following the comple- 
tion of the experimental activity and 
immediately following spills of organ- 
isms, containing recombinant DNA 
molecules. 


II-B-4-a-(3). All biological wastes 
shall be decontaminated before dispos- 
al. Other contaminated materials such 
as glassware, animal cages, and labora- 
tory equipment shall be decontaminat- 
ed before washing, reuse, or disposal. 

II-B-4-a-(4). Mechanical pipetting 
devices shall be used; pipetting by 
mouth is prohibited. 


II-B-4-a-(5). *Eating, drinking, 
smoking, and storage of food are not 
permitted in the P4 facility. 


II-B-4-a-(6). Persons shall wash 
their hands after handling organisms 
containing recombinant DNA mole- 
cules and when they leave the labora- 
tory. 


II-B-4-a-(7). Care shall be exercised 
to minimize the creation of aerosols. 
For example, manipulations such as 
inserting a hot inoculating loop or 
needle into a culture, flaming an in- 
oculation loop or needle so that is 
splatters, and forceful ejection of 
fluids from pipettes or syringes shall 
be avoided. 


II-B-4-a-(8). *Biological materials to 
be removed from the P4 facility in a 
viable or intact state, shall be trans- 
ferred to a nonbreakable sealed con- 
tainer which is then removed from the 
P4 facility through a passthrough dis- 
infectant dunk tank or fumigation 
chamber. 


II-B-4-a-(9). *No materials, except 
for biological materials that are to 
remain in a viable or intact state, shall 
be removed from the P4 facility unless 
they have been sterilized or decon- 
taminated as they pass out of the P4 
facility. All wastes and other materials 
as well as equipment not damaged by 
high temperature or steam shall be 
sterilized in the double-door autoclave’ 
of the P4 facility. Other materials 
which may be damaged by tempera- 
ture or steam shall be removed from 
the P4 facility through a passthrough 
fumigation chamber. 


II-B-4-a-(10). *Materials within the 
class III cabinets shall be removed 
from the cabinet system only after 
being sterilized in an attached double- 
door autoclave or after being con- 
tained in a nonbreakable sealed con- 
tainer which is then passed through a 
disinfectant dunk tank or a fumigation 
chamber. 
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II-B-4-a-(11). *Only persons whose 
entry into the P4 facility is required to 
meet program or support needs shall 
be authorized to enter. Before enter- 
ing, such persons shall be advised of 
the nature of the research being con- 
ducted and shall be instructed as to 
the appropriate safeguards to insure 
their safety. They shall comply with 
instructions and all other required 
procedures. 

II-B-4-a-(12). *Persons under 18 
years of age shall not enter the P4 fa- 
cility. : 

II-B-4-a-(13). *Personnel shall enter 
into and exit from the P4 facility only 
through the -clothing change and 
shower rooms. Personnel shall shower 
at each egress from the P4 facility. Air 
locks shall not be used for personnel 
entry or exit except for emergencies. 

II-B-4-a-(14). *Street clothing shall 
be removed in the outer side of the P4 
facility clothing change area and kept 
there. Complete laboratory clothing 
including undergarments, head cover, 
shoes, and either pants and shirts or 
jumpsuits shall be provided and used 
by all persons who enter the P4 facili- 
ty. Upon exit, personnel shall store 
this clothing in lockers provided for 
this purpose or discard it into collec- 
tion hampers before entering the 
shower area. 

II-B-4-a-(15). *The universal bioha- 
zard sign is required on the P4 facility 
access doors and all interior doors to 
individual laboratory rooms where ex- 
periments are conducted. 

II-B-4-a-(16). An insect and rodent 
control program shall be instituted. 

II-B-4-a-(17). Animals and plants 
not related to the experiment shall 
not be permitted in the laboratory in 
which the experiment is being con- 
ducted. 

II-B-4-a-(18). Use of the hypoder- 
mic needle and syringe shall be avoid- 
ed when alternate methods are availa- 
ble. 


Table II 


NOTICES 


II-B-4-a-(19). The laboratory shall 
be kept neat and clean. 

II-B-4-a-(20). *If experiments in- 
volving other organisms which require 
lower levels of containment are to be 
conducted in the P4 facility concur- 
rently with experiments requiring P4- 
level containment, they shall be con- 
ducted in accordance with all P4-level 
laboratory practices specified in this 
section. 

II-B-4-b. Containment Equipment. 

II-B-4-b-(1). *Experimental proce- 
dures involving organisms which re- 
quire P4-level physical containment 
shall be conducted either in (i) a class 
III cabinet system or in (ii) class I or 
class II cabinets that are located in a 
specially designed area in which all 
personnel are required to wear one- 
piece positive-pressure isolation suits. 

II-B-4-b-(2).  *Laboratory animals 
involved in experiments requiring P4- 
level physical containment shall be 
housed either in cages contained in 
class III cabinets or in partial contain- 
ment caging systems (such as Horsfall 
units, open cages placed in ventilated 
enclosures, or solid wall and bottom 
cages covered by filter bonnets, or 
solid wall and bottom cages placed on 
holding racks equipped with ultravio- 
let irradiation lamps and reflectors) 
that are located in a specially designed 
area in which all personnel are re- 
quired to wear one-piece positive-pres- 
sure suits. 

II-B-4-b-(3). *Alternative Selection 
of Containment Equipment. Experi- 
mental procedures involving a_ host- 
vector system which provides a one- 
step higher level of biological contain- 
ment than that specified in Part III 
can be conducted in the P4 facility 
using containment equipment require- 
ments specified for the P3 level of 
physical containment. Alternative 
combinations of containment safe- 
guards are shown in table II. 


COMBINATIONS OF CONTAINMENT SAFEGUARDS 





Classification of 
experiment 
according to Guidelines 


Alternate cambinations of physical and biological containment 





Physical containment 





Laboratory 
Physical Biological* design 


containment containment 


Laboratory 
Practices 
specified for: specified for: specified for: 


Contairment 
equi prent 


Biological 
containment 





Pa ae P4 
P4 HV1l P4 





P4 P4 
P4 P3 


Hv1 
Hv2 








* See Section II-D for description of biological containment. 


II-B-4-c. Special Laboratory Design. 
II-B-4-c-(1). *The laboratory shall 


be located in a restricted access facili- 
ty which is either a separate building 


or a clearly demarcated and isolated 
zone within a_ building. Clothing 
change areas and shower rooms shall 
be provided for personnel entry and 
egress. These rooms shall be arranged 
so that personnel egress is through 
the shower area to the change room. A 
double-door ventilated vestibule or ul- 
traviolet air lock shall be provided for 
passage of materials, supplies, and 
equipment which are not brought into 
the P4 facility through the change 
room area. 

II-B-4-c-(2). *Walls, floors, and ceil- 
ings of the P4 facility are constructed 
to form an internal shell which readily 
allows vapor-phase decontamination 
and is animal- and insect-proof. All 
penetrations through these structures 
and surfaces are sealed. (The integrity 
of the walls, floors, ceilings, and pene- 
tration seals should insure adequate 
containment of a vapor-phase deconta- 
minant under static pressure condi- 
tions. This requirement does not imply 
that these surfaces must be airtight.) 


II-B-4-c-(3). *A foot-, elbow-, or 
automatically-operated hand washing 
facility shall be provided near the door 
within each laboratory in which ex- 
periments involving recombinant DNA 
are conducted in open-face biological 
safety cabinets. 


II-B-4-c-(4). “Where a_ central 
vacuum system is provided, it shall not 
serve areas outside the P4 facility. The 
vacuum system shall include in-line 
HEPA filters as near as practicable to 
each use point or service cock. The fil- 
ters shall be installed so as to permit 
in-place decontamination and replace- 
ment. Water supply and liquid and 
gaseous services provided to the P4 fa- 
cility. shall be protected by devices 
that prevent backflow. 


II-B-4-c-(5). *Foot-operated water 
fountains are permitted in the corri- 
dors of the P4 facility. The water serv- 
ice provided to the fountain shall be 
protected from the water services to 
the laboratory areas of the P4 facility. 


II-B-4-c-(6). Laboratory doors shall 
be self-closing. 


II-B-4-c-(7). *A double-door auto- 
clave shall be provided for sterilization 
of material passing out of the P4 fa- 
cility. The autoclave doors shall be in- 
terlocked so that both doors will not 
be open at the same time. 


II-B-4-c-(8). *A passthrough dunk 
tank or fumigation chamber shall be 
provided for removal of material and 
equipment that cannot be heat-steril- 
ized from the P4 facility. 

II-B-4-c~(9). *All liquid effluents 
from the P4 facility shall be collected 
and decontaminated before disposal. 
Liquid effluents from biological safety 
cabinets and laboratory sinks shall be 
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sterilized by heat. Liquid effluents 
from the shower and hand washing fa- 
cilities may be inactivated by chemical 
treatment. HEPA filters shall be in- 
stalled in all effluent drain vent lines. 
II-B-4-c-(10). *An individual supply 
and exhaust-air ventilation system 
shall be provided for the P4 facility. 
The system shall maintain pressure 
differentials and directional airflow as 
required to assure inflow from areas 
outside the P4 facility toward areas of 
highest potential risk within the facili- 
ty. The system shall be designed to 
prevent the reversal of airflow. The 
system shall sound an alarm in the 
event of system malfunction. 
II-B-4-c-(11). *Recirculation of air 
within individual laboratories of the 


P4 facility is permissible if this air is 


filtered by a HEPA filter. 

II-B-4-c-(12). *The exhaust air from 
the P4 facility shall be filtered and 
discharged to the outdoors so that it is 
dispersed clear of occupied buildings 
and air intakes. The filter chambers 
shall be designed to allow in situ de- 
contamination before removal and to 
facilitate certification testing after re- 
placement. 

II-B-4-c-(13). The treated exhaust 
air from Class I and Class II biological 
safety cabinets(20) may be discharged 
directly to the laboratory room envi- 
ronment or to the outdoors. The treat- 
ed exhaust air from Class III cabinets 
shall be discharged to the outdoors. If 
the treated exhaust air from these 
cabinets is to be discharged to the out- 
doors through the P4 facility exhaust 
air system, it shall be connected to 
this system so as to avoid any interfer- 
ence with the air balance of the cabi- 
nets or the facility exhaust air system. 

II-B-4-c-(14). *A specially designed 
suit area may be provided in the facili- 
ty. Personnel who enter this area shall 
wear a one-piece positive-pressure suit 
that is ventilated by a life-support 
system. The life-support system shall 
be provided with alarms and emergen- 
cy backup air. Entry to this area is 
through an air-lock fitted with air- 
tight doors. A chemical shower area 
shall be provided to decontaminate 
the surfaces of the suit before remov- 
al. The exhaust air from the suit area 
shall be filtered by two sets of HEPA 
filters installed in series, and a dupli- 
cate filtration unit and exhaust fan 
shall be provided. The air pressure 
within the suit area shall be less than 
that in any adjacent area. An emer- 
gency lighting system, communication 
systems, and power source shall be 
provided. 

The internal shell of the suit area 
shall be airtight. A doubledoor auto- 
clave shall be provided for sterilization 
of all waste materials to be removed 
from the suit area. 

II-C. Shipment. Recombinant DNA 
when contained in an organism or 
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virus shall be shipped in compliance 
with the requirements issued by the 
U.S. Public Health Service (section 
72.25 of Part 72, Title 42, Code of Fed- 
eral Regulations), Department of 
Transportation (section 173.387(b) of 
Part 173, Title 49, Code of Federal 
Regulations), and the Civil Aeronau- 
tics Board (C.A.B. No. 82, Official Air 
Transport Restricted Articles Tariff 
No. 6-D) for shipment of etiologic 
agents. 

The packaging and shipment of or- 
ganism and viruses containing recom- 
binant DNA molecules shall be in com- 
pliance with all requirements specified 
in subparagraphs (1)-(5) of paragraph 
(c), “Transportation; etiologic agents 
subject to additional requirements,” of 
section 72.25 of Part 72, Title 42, Code 
of Federal Regulations. Subparagraph 
(6) of paragraph (c) of section 72.25 of 
Part 72, Title 42, Code of Federal Reg- 
ulations shall apply to the shipment 
of all viable host and vector organisms 
which require P4 physical contain- 
ment. 

Additional information on packaging 
and shipment is given in “Labortory 
Safety Monograph—A Supplement to 
the NIH Guidelines for Recombinant 
DNA Research.” 

II-D. Biological containment. 

II-D-1. Levels of biological contain- 
ment. In consideration of biological 
containment, the vector (plasmid, or- 
ganelle, or virus) for the recombinant 
DNA and the host (bacterial, plant, or 
animal cell) in which the vector is 
propagated in the laboratory will be 
considered together. Any combination 
of vector and host which are to pro- 
vide biological containment must be 
constructed so that the following 
types of “escape” are minimized: (i) 
Survival of the vector in its host out- 
side the laboratory, and (ii) transmis- 
sion of the vector from the propaga- 
tion host to other nonlaboratory 
hosts. 

The following levels of biological 
containment (HV, or Host- Vector, sys- 
tems) for prokaryotes will be estab- 
lished; specific criteria will depend on 
the organisms to be used. Eukaryotic 
host-vector systems are considered in 
Part III. 

II-D-1-a. HV1. A host-vector system 
which provides a moderate level of 
containment. Specific systems: 

II-D-1-a-(1). EKi. The host is 
always E. coli K-12 or a derivative 
thereof, and the vectors include non- 
conjugative plasmids (e.g., pSC101, 
ColE1, or derivatives thereof (21-27) 
and variants of bacteriophage, such as 
0(28-33). The E. coli K-12 hosts 
should not contain conjugation-profi- 
cient plasmids, whether autonomous 
or integrated, or generalized transduc- 
ing phages. 

II-D-1l-a-(2). Other Prokaryotes. 
Hosts and vectors should be, at a mini- 
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mum, comparable in containment to E. 
coli K-12 with a nonconjugative plas- 
mid or bacteriophage vector. The data 
to be considered and a mechanism for 
approval of such HV1 systems are de- 
scribed below (section II-D-2). 

II-D-1-b. HV2. These are host-vector 
systems shown to provide a high level 
of biological containment as demon- 
strated by data from suitable tests per- 
formed in the laboratory. Escape of 
the recombinant DNA either via sur- 
vival of the organisms or via transmis- 
sion of recombinant DNA to other or- 
ganisms should be less than “o* under 
specified conditions. Specific systems: 

II-D-1-b-(1). For EK2 host-vector 
systems in which the vector is a plas- 
mid, no more than one in 10° host cells 
should be able to perpetuate a cloned 
DNA fragment under the specified 
nonpermissive laboratory conditions 
designed to represent the natural envi- 
ronment, either by survival of the 
original host or as a consequence of 
transmission of the cloned DNA frag- 
ment. 

II-D-1-b-(2). For EK2 host-vector 
systems in which the vector is a phage, 
no more than one in 10° phage parti- 
cles should be able to perpetuate a 
cloned DNA fragment under the speci- 
fied nonpermissive laboratory condi- 
tions designed to represent the natural 
environment either (i) as a prophage 
or plasmid in the laboratory host used 
for phage propagation or (ii) by surviv- 
ing in natural environments and trans- 
ferring a cloned DNA fragment to 
other hosts (or their resident pro- 
phages). 

II-D-1-c. HV3. These are host-vector 
systems in which: 

II-D-1-c-(1). All HV2 criteria are 
met. 

II-D-1-c-(2). The vector is depend- 
ent on its propagation host or is 
highly defective in mobilizability. Re- 
version to host-independence must be 
less than “%o® per vector genome per 
generation. 

II-D-1-c-(3). No markers conferring 
resistance to antibiotics commonly 
used clinically or in agriculture are 
carried by the vector, unless expres- 
sion of such markers is dependent on 
the propagating host or on unique lab- 
oratory controlled conditions or is 
blocked by the inserted DNA. 

II-D-1-c-(4). The specified contain- 
ment shown by laboratory tests has 
been independently confirmed by 
specified tests in animals, including 
primates, and in other relevant envi- 
ronments. 

II-D-1-c-(5). The relevant genotypic 
and phenotypic traits have been inde- 
pendently confirmed. 

II-D-2. Certification of host-vector 
systems. 

II-D-2-a. Responsibility. HV1 sys- 
tems other than E. coli K-12, and HV2 
and HV3 host-vector systems may not 
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be used unless they have been certi- 
fied by the NIH. Application for certi- 
fication of a host-vector system is 
made by written application to the 
Office of Recombinant DNA Activities 
(ORDA), National . Institutes. of 
Health, Bethesda, Md. 20014. 

When appropriate, the proposed 


host-vector system will be reviewed by ~* 


the NIH Recombinant DNA Advisory 
Committee (RAC). This may first in- 
volve review of the data on construc- 
tion, properties, and testing of the pro- 
posed host-vector system by a subcom- 
mittee composed of one or more mem- 
bers of the RAC and other individuals 
chosen because of their expertise in 
evaluating such data. The committee 
will then evaluate the report of the 
subcommittee and any other available 
information at a regular meeting. 

When new host-vector systems are 
certified, notice of the certification 
will be sent to the applicant and to all 
IBCs and will be published in the “re- 
combinant DNA Technical Bulletin.” 
Copies of a list of all currently certi- 
fied host-vector systems may be ob- 
tained from ORDA at any time. 

NIH may at any time rescind the 
certification of any  host-vector 
system. If certification of a host-vector 
system is rescinded, investigators may 
be asked to transfer cloned DNA into a 
different system. 

Certification of a given system does 
not extend to modifications of either 
the host or vector component of that 
system. Such modified systems must 
be independently certified by NIH. If 
modifications are minor, it may only 
be necessary for the investigator to 
submit data showing that the modifi- 
cations have either improved or not 
impaired the major phenotypic traits 
on which the containment of the 
system depends. More _ substantial 
modifications of a certified system 
may necessitate submission of com- 
plete testing data. 

II-D-2-b. Data to be Submitted for 
Certification 

II-D2-b-(1). HV1 Systems Other than 
E. Coli K-12. The following types of 
data should be submitted, modified as 
appropriate for the particular system 
under consideration: (i) A description 
of the organism and vector; the 
strain’s natural habitat and growth re- 
quirements; the range of organisms 
with which this organism normally ex- 
changes genetic information and what 
sort of information is exchanged; any 
relevant information on its pathogeni- 
city or toxicity. (ii) A description of 
the history of the particular strains 
and vectors to be used, including data 
on any mutations which render this 


organism less able to survive or trans-. 


mit genetic information. (iii) A general 
description of the range of experi- 
ments contemplated, with emphasis on 
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the need for developing such an HV1 
system. 

I-D-2-b-(2). HV2 Sysiems. Investiga- 
tors planning to request HV2 certifica- 
tion for host-vector systems can obtain 
instructions from ORDA concerning 
data to be submitted. In general, the 
following types of data are required: 
(i) Description of construction steps, 
with indication of source,’ properties, 
and manner of introduction of genetic 
traits. (ii) Quantitative data on the 
stability of genetic traits that contrib- 
ute to the containment of the system. 
(iii) Data on the survival of the host- 
vector system under non-permissive 
laboratory conditions designed to rep- 
resent the relevant natural environ- 
ment. (iv) Data on transmissibility of 
the vector and/or a cloned DNA frag- 
ment under both permissive and non- 
permissive conditions. (v) Data on all 
other properties of the system which 
affect containment and utility, includ- 
ing information on yields of phage or 
plasmid molecules, ease of DNA isola- 
tion, and ease of transfection or trans- 
formation. (vi) In some cases, the in- 
vestigator may be asked to submit 
data on survival and vector transmissi- 
bility from experiments in which the 
host-vector is fed to laboratory ani- 
mals (e.g., rodents). Such in vivo data 
may be required to confirm the valid- 
ity of predicting in vivo survival on 
the basis of in vitro experiments. 

Data must be submitted in writing to 
ORDA. Ten to twelve weeks are nor- 
mally required for review and circula- 
tion of the data prior to the meeting 
at which such data can be considered 
by the NIH Recombinant DNA Adviso- 
ry Committee (RAC). Investigators are 
encouraged to publish their data on 
the construction, properties, and test- 
ing of proposed HV2 systems prior to 
consideration of the system by the 
RAC and its subcommittee. More spe- 
cific instructions concerning the type 
of data to be submitted to NIH for 
proposed EK2 systems involving either 
plasmids or bacteriopnage 0 in E. coli 
K-12 are available from ORDA 

II-D-2-b-(3). HV3 Systems. Putative 
HV3 systems must, as the first step in 
certification, be certified as HV2 sys- 
tems. Systems which meet the criteria 
given above under II-D-1-(c)-1, II-D- 
1-(c)-2, and II-D-1-(c)-3 will then be 
recommended for HV3 testing. Tests 
to evaluate various HV2 host-vector 
systems for HV3 certification will be 
performed by contractors selected by 
NIH. These contractors will repeat 
tests performed by individuals propos- 
ing the HV2 system and, in addition, 
will conduct more extensive tests on 
conditions likely to be encountered in 
nature. The genotypic and phenotypic 
traits of HV2 systems will be evaluat- 
ed. Tests on survival and transmissibil- 
ity in and on-animals, including pri- 
mates, will be performed, as well as 


tests on survival in certain specified 
natural environmnets. 

II-D-3. Distribution of Certified 
Host-Vectors. Certified HV2 and HV3 
host-vector systems (plus appropriate 
control strains) must be obtained from 
the NIH or its designees, one of whom 
will be the investigator who developed 
the system. NIH shall announce the 
availability of the system by publica- 
tion of notices in appropriate journals. 

Plasmid vectors will be provided in a 
suitable host strain, and phage vectors 
will be distributed as small-volume ly- 
sates. If NIH propagates any of the 
host strains or phage, a sample will be 
sent to the investigator who developed 
the system or to an appropriate con- 
tractor, prior to distribution, for verifi- 
cation that the material is free from 
contamination and unchanged in 
phenotypic properties. 

In distributing the certified HV2 and 
HV3 host-vector systems, NIH or its 
designee will (i) send out a complete 
description of the system; (ii) enumer- 
ate and describe the tests to be per- 
formed by the user in order to verify 
important phenotypic traits; (iii) 
remind the user that any modification 
of the system necessitates independ- 
ent approval of the system by the NIH 
on recommendation of the RAC; and 
(iv) remind the user of responsibility 
for notifying ORDA of any discrepan- 
cies with the reported properties or 
any problems in the safe use of the 
system. : 

NIH may also distribute certified 
HV1 host-vector systems. 


III. CONTAINMENT GUIDELINES FOR 
COVERED EXPERIMENTS 


Part III discusses experiments cov- 
ered by the guidelines. The reader 
must first consult part I, where list- 
ings are given of prohibited and 
exempt experiments. 

Containment guidelines for permissi- 
ble experiments are given in part III. 
Changes in these levels for specific ex- 
periments (or the assignment of levels 
to experiments not explicitly consid- 
ered here) may be expressly approved 
by the Director, NIH, on the recomme- 
dation of the Recombinant DNA Advi- 
sory Committee (RAC). 

Ill-A. Classification of Experiments 
Using the E. coli K-12 Host-Vector Sys- 
tems. Most recombinant DNA experi- 
ments currently being done employ E. 
coli K-12 host-vector systems. These 
are the systems for which we have the 
most experience and knowledge (i) re- 
garding the effectiveness of biological 
containment provided by existing 
hosts and vectors, and (ii) necessary 
for the construction of more effective 
biological barriers. We therefore con- 
sider DNA recombinants in E. coli K- 
12 before proceeding to other host- 
vector systems. The levels of biological 
containment. for. E. coli K-12 systems 
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are designated EK1, EK2, and EK3 in 
ascending order. 

It has been necessary, throughout 
this section, to use words and phrases 
such as “purified” or “rigorously char- 
acterized.”’ In the text such terms are 
marked with footnote reference num- 
bers. These footnotes (part V) define 
more fully what these terms denote. 

In the following classification of con- 
tainment criteria for different kinds of 
recombinant DNA’s, the stated .levels 
of physical and biological containment 
are minimal for the experiments desig- 
nated. The use of higher levels of bio- 
logical containment (EK3 > EK2 > 
EK1) is encouraged if they are availa- 
ble and equally appropriate for the 
purposes of the experiment. 

ITI-A-1. Shotgun Experiments. 
These experiments involve the produc- 
tion of recombinant DNA’s between 
the vector and portions of the speci- 
fied cellular source, preferably a par- 
tially purified fraction. Care should be 
taken either to preclude or eliminate 
contaminating microogranisms before 
isolating the DNA. 

III-A-l-a. Eukaryotic DNA Recom- 
binants. 

IlI-A-a-(1). Primates. P2 physical 
containment + and EK2 host-vector. 
Any lowering of containment below 
these levels (i.e., for purified DNA or 
characterized clones) cannot be made 
solely by an institutional biosafety 
committee but requires NIH approval. 

III-A-1l-a-(2). Other Mammals. P2 
physical containment + an EK2 host- 
vector. 

TiI-A-1l-a-(3). Birds. P2 physical 
containment + an EK2 host-vector. 

Ill-A-1-a-(4). Cold-Blooded Verte- 
brates. P2 physical containment + an 
EK1 host-veetor or Pl + EK2. If the 
eukaryote is known to produce a 
potent polypeptide toxin,[{34] the con- 
tainment shall be increased to P3 + 
EK2. 

III-A-1-a-(5). Other Cold-Blooded 
Animals and Lower Eukaryotes. This 
large class of eukaryotes is divided 
into two groups: 

IIJ-A-1-a-(5)-(a). Species that are 
known to produce a potent polypep- 
tide toxin(34) that acts in vertebrates, 
or are known pathogens listed in Class 
2,(1) or are Known to carry such path- 
ogens must use P3 physical contain- 
ment + an EK2 host-vector. When the 
potent toxin is not a polypeptide and 
is likely not to be the product of close- 
ly linked eukaryote genes, contain- 
ment may be reduced to P3 + EK1 or 
P2 + EK2. Species that produce 
potent toxins that affect invertebrates 
of plants but not vertebrates require 
P2 + EK2 or P3 + EK1. Any species 
that has a demonstrated capacity for 
carrying particular pathogenic micro- 
organisms is included in this group, 
unless the organisms used as the 
source of DNA have been shown not to 
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contain those agents, in which case 
they may be placed in the following 


group. 

III-A-1-a-(5)-(b). The remainder of 
the species in this class including 
plant pathogenic or symbiotic fungi 
that do not produce potent toxins: P2 
+ EK1 or Pl + EK2. However, any 
insect in this group must be either (i) 
grown under laboratory conditions for 
at least 10 generations prior to its use 
as a source of DNA, or (ii) if caught in 
the wild, must be shown to be free of 


dissease-causing microorganisms or 


must belog to a species that does not 
carry microorganisms causing disease 
in vertebrates or plants. If these condi- 
tions cannot be met, experiments must 
be done under P3 + EK1 or P2 + EK2 
containment. 

IlI-A-1-a-(6). Plants. P2 physical 
containment + an EK1 host-vector or 
Pl + EK2. If the plant source makes a 
potent polypeptide toxin,(34) the con- 
tainment must be raised to P3 physi- 
cal containment + an EK2 host- 
vector. When the potent toxin is not a 
polypeptide and is likely not to be the 
product of closely linked plant genes, 
containment may be reduced to P3 + 
EK1 or P2 + EK2. 

III-A-1-b. Prokaryotic DNA Recom- 
binants. 

IlI-A-1-b-(1). Prokaryotes That Ex- 
change Genetic Information(35) with 
E. Coli. It is expected that many of 
the prokaryotes that exchange genetic 
information with £E£. coli by known 
physiological processes will be exempt- 
ed from these Guidelines by appearing 
on the ‘list of exchangers’ (see Section 
I-E-4). 

For those not om the list, the con- 
tainment levels are Pl physical con- 
tainment + an EK1 host-vector. In 
fact, experiments in this category may 
be performed with any E. coli K-12 
vector (e.g., conjugtive plasmids). How- 
ever, for prokaryotes that are classi- 
fied(1) as Class 2 the containment 
levels are P2 + EK1. 

IiI-A-1-b-(2). Prokaryotes That Do 
Not Exchange Genetic Information 
With E. Coli. P2 physical containment 
+ an EK1 host-vector, or Pl + EK2, 
except for DNA from Class 2 
agents,(1) which require P3 + EK2. 

III-A-2. Plasmids, Bacteriophages, 
and Other Viruses. Recombinants 
formed between a vector and some 
other plasmid or virus DNA have in 
common the potential for acting as 
double vectors because of the replica- 
tion functions in these DNA’s. The 
containment conditions given below 
apply only to propagation of the DNA 
recombinants in E. coli K-12 hosts. 
They do not apply to other hosts in 
which the recombinants may be able 
to replicate as a result of functions 
provided by the DNA inserted into the 
EK vectors. These are considered 
under other host-vector systems. 
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III-A—2—a. Viruses of Eukaryotes. 
(summary given in Table III). 

IIT-A-2-a-(1). DNA Viruses. 

IIT-A-2-a-(1)-(a). Nontransforming 
viruses. 

ITI-A-2-a-(1)-(a)-(1). Adeno-Associ- 
ated Viruses, Minute Virus of Mice, 
Mouse Adenovirus (strain FL), and 
Plant Viruses. Pl physical contain- 
ment + and EK1 host-vector shall be 
used for DNA recombinants produced 
with (i) the whole viral genome, (ii) 
subgenomic DNA segments, or (iii) pu- 
rified cDNA copies of viral mMRNA.(37). 

ITI-A-2-a-(1)~(a)-(2). Hepatitis B. 

ITI-A-2-a-(1)-(a)-(2)-(a). P1 physical 
containment: + an EK1 host-vector 
shall be used for purified subgenomic 
DNA segments. 

ITI-A-2-a-(1)-(a)-(2)-(b). P2 physical 
containment + an EK2 host-vector or 
P3 + EK1 shall be used for DNA for 
recombinants produced with the 
whole viral genome. 

ITI-A-2-a-(1)-(a)-(2)-(c). P2 physical 
containment + an EK1, shall be used 
for DNA recombinants derived from 
purified cDNA copies of viral mRNA. 

ITI-A-2-a-(1)-(a)-(3). Other Non 
transforming Members of Presently 
Classified Viral Families.( 36) 

ITI-A-2-a-(1)-(a)-(3)-(a). P1 physical 
containment + an EK1 host-vector 
shall be used for (i) DNA recombin- 
ants produces with purified subgeno- 
mic DNA segments or (ii) purified 
cDNA copies of viral mRNA.(37) 

III-A-2-a—(1}(a)-(3)+(6). Pl physical 
containment + an EKi host and a 
vector certified for use in an EK2 
system shall be used for DNA recom- 
binants produced with the whole viral 
genome. 

ITII-A-2-a-(1)(b>. Transforming Vir- 
uses. 

ITI-A-2-a-(1)b4 1). Herpes Sai- 
miri, Herpes Ateles, and Epstein Barr 
Virus.(39) 

ITl-A-2-a-(1)}(b}(1)-(a). P1 physical 
containment + an-.EK1 host-vector 
shall be used for DNA recombinants 
produced with purified nontrans- 
forming subgenamic DNA seg- 
ments.( 38) 

IlI-A-2-a-(1)-(b)-(1)-(6). P2 physical 
containment + an EK1 host and a 
vector certified for use in an EK2 
system or P3 + EK1 shall be used for 
(i) DNA recombinants produced with 
purified subgenamic DNA segments 
containing an entire transforming 
gene or (ii) purified CDNA copies of 
viral MRNA.(37) 

III-A-2-a-(1)-(b)}-(1)(c). P3 physical 
containment + an EK1 host-vector or 
P2 + EK2 shall be used for DNA re- 
combinants produced with the whole 
viral genome. 

IlI-A-2-a-(1)-(B)-(2). Other Trans- 
forming Members of Presently Classi- 
fied Viral Families.(36) 

IIJ-A-2-a-(1)-(b)-(2)-(a). P1 physical 
containment + an EK1 host-vector 
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shalt be used for DNA recombinants 
produced with purified nontrans- 
forming subgenamic DNA _ seg- 
ments.( 38) 


IlI-A-2-a-(1)-(b)-(2)-(). P2 physical 
containment + an EK1 host and a 
vector certified for use in an EK2 
system or P3 + EK1 shall be used for 
(i) DNA recombinants produced with 
the whole viral genome, (ii) purified 
subgenamic DNA segments containing 
an entire transforming gene, or (iii) 
purified cDNA copies of viral 
mRNA.(37) 


IlI-A-2-a-(2). 
RNA Viruses. 


Ill-A-2-a-(2)4a). Retroviruses. 


IIlI-A-2-a-(2)4a)-(1). Gibbon Ape, 
Woolly Monkey, Feline Leukemia and 
Feline Sarcoma Viruses.( 39) 


III-A-2-a2)-a(1)-(a). Pl physical 
containment + an EK1 host-vector 
shall be used for DNA recombinants 
produced with purified nontrans- 
forming subgemamic DNA _ seg- 
ments.(38) 


DNA Transcripts of 


NOTICES 


Ill-A-2-a2)-(1)-(0). P2 physical 
containment + an EK1 host and a 
vector certified for use in an EK2 
system, or P3 + EK1, shall be used for 
DNA recombinants produced with pu- 
rified subgenamic DNA segments(38) 
containing an entire transforming 
gene. 

IlI-A-2-a-~(2)(1)-(c). P2 physical 
containment + an EK2 host-vector or 
P3 + EK1 shall be used for DNA re- 
combinants produced with (i) the 
whole viral genome or (ii) purified 
e¢DNA copies of viral MRNA.(37) 

III-A-2-a-(2)-(a)(2). Other Members 
of the Family Retroviridiae.( 36) 

ITI-A-2-a-(2)(a)-(2)-(a). Pl physical 
containment + an EK1 host-vector 
shall be used for DNA recombinants 
produced with purified nontrans- 
forming subgenamic DNA _ seg- 
ments.( 38) 


IlT-A-2-a-(2)-(a)-(2)-(b). P2 physical 
containment + an EK1 host and a 
vector certified for use in an EK2 
system or P3 + EK1 shall be used for 
DNA recombinants produced with (i) 


purified subgenamic DNA. segments 
containing an entire transforming 
gene, (ii) the whole viral genome, or 
(iii) purified CDNA copies of viral 
mRNA.(37) 

ITI-A-2-a-(2)-(b). Negative Strand 
RNA Viruses. P1 physical containment 
+ an EK1 host-vector shall be used for 
DNA recombinants produced with (i) 
CDNA copies of the whole genome, (ii) 
subgenomic cDNA segments, or (iii) 
purified cDNA copies of viral 
mRNA.(37) 

IlI-A-2-a-(2)-(c). Plus-Strand RNA 
Viruses. 

IlI-A-2-a-(2)-(c)-(1). Types I and 2 
Sabin Poliovirus Vaccine Strains and 
Strain 17D (Theiler) of Yellow Fever 
Virus. P1 physical containment + and 
EK1 host-vector shall be used for DNA 
recombinants produced with (i) cDNA 
copies of the whole viral genome, (ii) 
subgenomic cDNA. segments, or (iii) 
purified cDNA copies of viral 
mRNA.(37) 

IlI-A-2-a-(2)-(c)-(2).. Other Plus- 
Strand RNA Viruses Belonging to Pres- 
ently Classified Viral Families.( 36) 
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Table III 


Recommended Containment for Cloning of Viral DNA or cDNA in E. coli K-12 Host-Vector Systems 
(See text for full details) 





Type of viral DNA segment to be cloned 





Subgenanic [38] 


Genanic 





Nontransforming 
segment 


Segment contain- 
ing an entire 
transforming gene 


Non-segmented 
gename 


Segmented 
genome 


CDNA fron 
viral mRNA[37]} 





DNA 
Nontransforming viruses 
AAV, MVM, Mouse Adeno (Strain FL) 
Plant Viruses 


Hepatitis B 
Other 


Transforming Viruses 


Herpes Saimiri, H. Ateles and 
EBV[39] 


Other 


Retroviruses 


Gibbon Ape, Woolly Monkey 
FeL¥ and FeSv[39] 


Other 





EX1CV [40] 
EX 


EX1CV[40]} 
+ EXl 


EX1CV [40] 
EK1 


EX1Cv[40} 
EX1 





El 
EXl 


EX2 
EX1l 


EK1CV(40} 


EK2 
EX] 


EX1CV[40} 
EXl 


EX2 
EXl 


EX1CV[40] 
EX1 











Pl + EXl 
Pl + EXl 


P2 + EX1CV[40) 
P3 + EX1 


Pl + EX] 


EK1CVv[40} 
EXl 


ExX1cv[40} 
EK] 


EK2 
ExXl 


EX1CV[40} 
EX] 





‘Yeoue Lil 


Recommended Containment for Cloning of Viral DNA or cDNA in E. coli K-12 Host-Vector Systens 
(See text for full details) 





Type of viral DNA segment to be cloned 





Subgenonic[38} 


Genanic 





Nontransforming 
segment 


Segment contain- 
ing an entire 
transforming gene 


Nonsegmented 
- genome 


Segmented 
genome 


CONA fran 
viral mRNA[37] 





Pl + EXl 


Pl + EXl 


Pl + EXl 


Negative Strand RNA 
Plus Strand RNA 
Types 1 am 2 Sabin Polio, 17D 
Yellow Fever Vaccine Strains 


Other 


Double Stranded RNA 
Plant Viruses + Viroids 


Intracellular Viral DNA 








Pl + EXl 


P2 + EXICV/[40] 
or P3 + EX] 











Pl + EXL 


Pl + EXl 


P2 + EX1CV{[40} 
or P3 + EXl 


Pl + EXl 
Pl + Xl 
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III-A-2-a-(2)-(c)-(2)-(a). P1 physical 
containment + an EK1 host-vector 
shall be used for DNA recombinants 
produced with purified subgenomic 
cDNA segments.( 38) 

III-A-2-a-(2)-(c)-(2)-(b). P2 physical 
containment + an EK1 host and a 
vector certified for use in an EK2 
system of P3+EK1 shall be used for 
DNA recombinants produced with (i) 
cDNA copies of the whole genome, or 
(ii) purified cDNA copies of viral 
mRNA.(37) 


III-A-2-a-(2)-(d). Double-Stranded 


Segmented RNA Viruses. P1 physical 
containment + an EK1 host-vector. 


shall be used for DNA recombinants 
produced with (i) mixtures of subgeno- 
mic cDNA segments, (ii) a specific sub- 
genomic cDNA segment, or (iii) puri- 
fied cDNA copies of viral MRNA. (37) 

III-A-2-a-(2)-(e). RNA Plant Viruses 
and Plant Viroids. Pl physical con- 
tainment + an EK1 host-vector shall 
be used for DNA recombinants pro- 
duced with (i) cDNA copies of the 
whole viral genome, (ii) subgenomic 
cDNA segments, or (iii) purified cDNA 
copies of viral MRNA.(37) 

IlI-A-2-a-(3). Intracellular Viral 
DNA. Physical and biological contain- 
ment specified for shotgun experi- 
ments with eukaryotic cellular DNA 
{see section III-A-(1)-(a)] shall be 
used for DNA recombinants produced 
with integrated viral DNA or viral gen- 
omes present in infected cells. 

III—A-2-b. Eukaryotic Organelle 
DNA’s. P2 physical containment + an 
EK1 host-vector, or Pi+EK2, for mi- 
tochondrial or chloroplast DNA from 
eukaryotes when the organelle DNA 
has been obtained from isolated organ- 
elles. Otherwise, the conditions given 
for shotgun experiments apply. 

III-A-2-c. Prokaryotic Plasmid and 
Phage DNA’s. The containment levels 
required for shotgun experiments with 
DNA from prokaryotes apply to their 
plasmids or phages. 

III-A-3. Lowering of Containment 
Levels for Characterized or Purified 
DNA Preparations and Clones. Many 
of the risks which might conceivably 
arise from some types of recombinant 
DNA experiments, particularly shot- 
gun experiments, would result from 
the inadvertent cloning of a harmful 
sequence. Therefore, in cases where 
the risk of inadvertently cloning the 
“wrong” DNA is reduced by prior en- 
richment for the desired piece, or in 
which a clone, made from a random 
assortment of DNA’s, has been puri- 
fied and the absence of harmful se- 
quences established, the containment 
conditions for further work may be re- 
duced. The following section outlines 
the mechanisms for such reductions. 

III-A-3-a. Purified DNA Other than 
Plasmids, Bacteriophages, and Other 
Viruses. The formation of DNA recom- 
binants from cellular DNA’s that have 
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been purified (41) and which are free 
of harmful genes(3) can be carried out 
under lower containment conditions 
than used for the corresponding shot- 
gun experiment. (42) The containment 
may be decreased one step in physical 
containment (P4 — P3 — P2 — Pl) 
while maintaining the biological con- 
tainment specified for the shotgun ex- 
periment or one step in biological con- 
tainment (EK3 — EK2 — EK1) while 
maintaining the specified physical 
containment. The institutional biosa- 
fety committee (IBC) must review and 
may approve such a reduction. The 
IBC must notify the NIH Office of Re- 
combinant DNA Activities (ORDA) in 
writing of all such actions. IBC ap- 
proval is sufficient for such a reduc- 
tion except for (i) primate DNA which 
also requires prior NIH approval [see 
section III-A-1-a-(1)] or (ii) any lower- 
ing of containment under section III- 
A-3-a to levels below P1+EK1, which 
also requires prior NIH approval. 

III-A-3-b. Characterized Clones of 
DNA Recombinants. When a cloned 
DNA recombinant has been rigorously 
characterized and there is sufficient 
evidence that it is free of harmful 
genes, (3)-experiments involving this 
recombinant DNA may be carried 01 
under lower containment conditions, 
as described below. 

III-A-3-b-(1). Institutional biosafety 
committees (IBC’s) may give approval 
for a single-step reduction in physical 
or biological containment on receipt of 
evidence of characterization of a clone 
derived from a shotgun experiment 
and its probable freedom from harm- 
ful genes. The IBC must notify ORDA 
in writing of all such actions. IBC ap- 
proval is sufficient for such a reduc- 
tion except for (i) primate DNA, which 
requires prior NIH approval [see sec- 
tion III-A-1-a-(1)], or (ii) any lowering 
of containment under section ITI-A-3- 
b to levels below P1+EK1, which also 
requires prior NIH approval. 

ITI-A-3-b-(2). Reduction of contain- 
ment levels by more than one step or 
cases involving primate DNA, or cases 
involving lowering of containment 
under section III-A-3-b to levels below 
P1+EK1, will require prior approval 
by NIH. 

III-B. Experiments with Other Pro- 
karyotic Host-Vectors. 

III-B-1. HV1 systems. Host-vector 
systems which have been approved as 
HV1 systems may be used under P2 
containment conditions for shotgun 
experiments with phages, plasmids, 
and DNA from nonpathogenic prokar- 
yotes which do not produce polypep- 
tide toxins.( 34) 

Other classes of recombinant DNA 
experiments with these HV1 systems 
will require prior approval and classifi- 
cation by NIH. Experiments with 
DNA’s from eukaryotes (and their 
plasmids or viruses) will generally 


follow the criteria for the correspond- 
ing experiments with E. coli K-12 
host-vectors if the major habitats of 
the given host-vector overlap those of 
E. coli. The habitats of other host- 
vector systems should also be consid- 
ered in relation to containment. 

III-B-2. Return of DNA Segments to 
Non-HV1 Host of Origin. Many of the 
prokaryotes that exchange genetic in- 
formation with E. coli by known phys- 
iological processes are expected to be 
exempt from these Guidelines by ap- 
pearing on the “list of exchangers” 
(see Section I-E-4). For a prokaryote 
which can exchange genetic informa- 
tion (35) with E. coli under laboratory 
conditions but which is not on the list 
(Host A), the following type of experi- 
ment may be carried out under P1 con- 
ditions without Host A having been 
approved as an HV1 host: DNA from 
Host A may be inserted into a vector 
and propagated in E. coli K-12 under 
Pl conditions. Subsequently, this re- 
combinant DNA may be returned to 
Host A by mobilization, transforma- 
tion, or transduction and may then be 
propagated in Host A in any desired 
vector under P1 conditions. 

For a prokaryote which does not ex- 
change genetic information with E. 
coli (Host B), the following type of ex- 
periment may be carried out without 
Host B having been approved as an 
HV1 host: DNA from Host B may be 
inserted into a vector from a certified 
EK2 host-vector system and propagat- 
ed in E. coli K-12 under the appropri- 
ate containment conditions [see sec- 
tion III-A-1-b-(2)]. Subsequently, this 
recombinant DNA may be returned to 
Host B and propagated in Host B 
under P1 conditions.(43) 

IlI-C. Experiments with Eukaryotic 
Host-Vectors. 

III-C-1. Vertebrate Host-Vector Sys- 
tems. (44) (Summary Given in Table 
IV). 

III-C-1-a. Polyoma Virus. 

IlI-C-1l-a-(1). Productive Virus-Cell 
Interactions. 

III-C-1-a-(1)-(a). Defective or intact 
polyoma virus genomes, with appropri- 
ate helper, if necessary, can be used in 
P2 conditions to propagate DNA se- 
quences: 

III-C-1-a-(1)-(a)-(1). From bacteria 
of class 1 or class 2[1] or their phages 
or plasmids, except for those that pro- 
duce potent polypeptide toxins; (34) 

III-C-1-a-(1)-(a)-(2). From mice; 

IlI-C-1-a-(1)-(a)-(3). From eukaryo- 
tic organisms that do not produce 
potent polypeptide toxins, (34) pro- 
vided the DNA segment is > 99 per- 
cent pure. 

ITI-C-1-a-(1)-(b). Defective polyoma 
genomes, with appropriate helper, if 
necessary, can be used in P2 conditions 
for shotgun experiments to propagate 
DNA sequences from eukaryotic or- 
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ganisms that do not produce potent 
polypeptide toxins.( 34) 

ITI-C-1-a-(1)-(c). Intact virus gen- 
omes with appropriate helper, if neces- 
sary, can be used in P3 conditions for 
shotgun experiments to propagate 
DNA sequences from eukaryotic or- 
ganisms that do not produce potent 
polypeptide toxins.(34) 

ItI-C-1-a-(1)-(d). Experiments in- 
volving the use of defective polyoma 
virus genomes to propagate DNA se- 
quences from eukaryotic viruses will 
be evaluated by NIH on a case-by-case 
basis (45) and will be conducted under 
the recommended physical contain- 
ment conditions. 

IlI-C-1-a-(2). Nonproductive Virus- 
Celi Interactions. Defective or intact 
polyoma virus genomes can be used as 
vectors in P2 conditions to transform 
nonpermissive cells in culture, pro- 
vided the inserted DNA sequences are 
not derived from eukaryotic viruses. In 
the latter case, such experiments will 
be evaluated by NIH on a case-by-case 
basis.(45) 

III-C-1-b. Simian Virus 40. 

III-C-1-b-(1). Productive Viruses- 
Cell Interactions. 

IlI-C-1-b-(1)-(a). SV40 DNA, ren- 
dered unconditionally defective by a 
deletion in an essential gene, with ap- 
propriate helper, can be used in P2 
conditions to propagate DNA se- 
quences from: 

‘ ITI-C-1-b-(1)-(a)-(1). Bacteria of 
Class 1 or Class 2[1], or their phages 
or plasmids, except for those that pro- 
duce potent polypeptide toxins;(34) 

ITI-C-1-b-(1)-(a)-(2). Uninfected Af- 
rican green monkey kidney cell cul- 
tures. . 

IlI-C-1-b-(1)-(b). SV40 DNA, ren- 
dered unconditionally defective by .a 
deletion in an essential gene, with an 
appropriate helper, can be used in P3 
conditions to propagate DNA ‘se- 
quences from eukaryotic organisms 
that do not produce potent polypep- 
tide toxins(34) (shotgun experiments 
or purified DNA). 

ITI-C-1-b-(1)-(c). Experiments in- 
volving the use of defective SV40 gen- 
omes to propagate DNA sequences 
from eukaryotic viruses will be evalu- 
ated by the NIH on a case-by-case 
basis (45) and will be conducted under 
the recommended physical contain- 
ment conditions. 

III-C-1-b-(2). Nonproductive Virus- 
Cell Interactions. Defective or intact 
SV40 genomes can be used as vectors 
in P2 conditions to transform nonper- 
missive cells in culture, provided the 
inserted DNA sequences are not de- 
rived from eukaryotic viruses. In the 
latter case, such experiments will be 
evaluated by NIH on a case-by-case 
basis.(45) 

IlI-C-i-c. Human Adeno- viruses 2 
and 5. 


IlI-C-1-c-(1). Productive Virus-Cell 
Interactions. 

III-C-1-c-(1)-(a). Human adenovir- 
uses 2 and 5, rendered unconditionally 
defective by deletion of at least two 
capsid genes, with appropriate helper. 
can be used in P3 conditions to propa- 
gate DNA sequences from: 

III-C-1-c-(1)-(a)-(1). Bacteria of 
Class 1 or Class 2[1] or their phages or 
plasmids except for those that pro- 
duce potent polypeptide toxins; (34) 

III-C-1-c-(1)-(a)-(2). Eukaryotic or- 
,ganisms that do not produce potent 
polypeptide toxins(3¢) (shotgun ex- 
periments or purified DNA). 

ItI-C-1-c-(1)-(b). Experiments in- 
volving the use of unconditionally de- 
fective human adenovirus 2 and 5 gen- 
omes to propagate DNA sequences 
from eukaryotic viruses will be evalu- 
ated by NIH on a _ case-by-case 
basis(45) and will be conducted under 
the recommended physical contain- 
ment conditions. 

III-C-1-c-(2). Non-productive virus- 
cell interactions. Defective or intact 
human adenovirus 2 and 5 genomes 
can be used as vectors in P2 conditions 

. to transform nonpermissive cells in 
culture, provided the inserted DNA se- 
quences are not derived from eukaryo- 
tic viruses. In the latter case, such ex- 
periments will be evaluated by NIH on 
@ case-by-case basis.(45) 

III-C-1-d. Murine Adenovirus Strain 
FL. 

III-C-1-d-(1). Productive Virus-Celi 
Interactions. 

IlI-C-1-d-(1)-(a). Unconditionally 
defective murine adenovirus strain FL 
genomes, with appropriate helper, can 
be used in P2 conditions to propagate 
DNA sequences from: 

ITI-C-1-d-(1)-(a)-(1). Bacteria of 
Class 1 or Class 2 [1] or their phages 
or plasmids except for those that pro- 
duce potent polypeptide toxins;( 34) 

IlI-C-1-d-(1)-(a)-(2). Eukaryotic or- 
ganisms that do not produce potent 
polypeptide toxins(34) (shotgun ex- 
periments or purified DNA). ’ 

III-C-1-d-(1)-(b). Experiments in- 
volving the use of intact murine aden- 
ovirus strain FL genomes to propagate 
DNA sequences from prokaryotic or 
eukaryotic organisms will be evaluated 
by NIH on a case-by-case basis(45) and 
will be conducted under the recom- 
mended physical containment condi- 
tions. 

IlI-C-1-d-(1)-(c). Experiments in- 
volving the use of unconditionally de- 
fective murine adenovirus strain FL 
genomes to propagate DNA sequences 
from eukaryotic viruses will be evaiu- 
ated by NIH on a case-by-case 
basis(45) and will be conducted under 
the recommended physical contain- 
ment conditions. 

III-C-1-d-(2). Non-Productive Virus- 
Cell Interactions. Defective or intact 
murine adenovirus strain FL genomes 


33081 


can be used as vectors in P2 conditions 
to transform nonpermissive cells in 
culture, provided the inserted DNA se- 
quences are not derived from eukaryo- 
tic viruses. In the latter case, such ex- 
periments will be evaluated by NIH on 
a@ case-by-case basis(45). 

III-C-1-e, Ail Other Potential Viral 
Vectors. 

III-C-1-e-(1). Experiments involving 
recombinant DNA molecules contain- 
ing viral DNA segments consisting of 
25 percent or less of the virus genome 
can be done: 

III-C-1-e(1)-(a). In P2 conditions 
when the recombinant DNA is to be 
integrated into the cell genome or is 
known to replicate as a plasmid in 
cells in culture, provided the addition- 
al DNA sequences are not derived 
from a eukaryotic virus. In the latter 
case, such experiments will be evaluat- 
ed by NIH on a case-by-case basis;(45). 

ItI-C-1-e—(1)-(b). Under physical 
containment conditions to be deter- 
mined by NIH(45) when a viral helper 
will be used to propagate DNA se- 
quences from prokaryotic or eukaryo- 
tic organisms. 

III-C-1-e-(2). Experiments involving 
the use of other intact or defective 
virus genomes to propagate DNA se- 
quences from prokaryotic or eukaryo- 
tic organisms (and viruses), or as vec- 
tors to transform nonpermissive cells, 
will be evaluated by NIH on a case-by- 
ease basis(45) and will be conducted 
under the recommended physical con- 
tainment conditions. 

NIH will also review all experiments 
involving the use of virus vectors in 
‘animals and the physical containment 
conditions appropriate for such stud- 
ies. 

III-C-2. Invertebrate Host-Vector 
Systems in Which Insect Viruses Are 
Used To Propagate Other DNA Seg- 
ments. As soon as information be- 
comes available on the host range re- 
strictions and on the infectivity, per- 
sistance, and integration of the viral 
DNA in vertebrate and invertebrate 
cells, experiments involving the use of 
insect viruses to propagate DNA se- 
quences will be evaluated by NIH on a 
case-by-case basis(45) and will be con- 
ducted under the recommended physi- 
cal containment conditions. Experi- 
ments should be done in established 
invertebrate cell lines and should 
follow, where appropriate, criteria rec- 
ommended for vertebrate viral DNA 
vectors (see Section ITI-C-1). 

III-C-3. Plant Viral Host-Vector Sys- 
tems. The DNA plan viruses which 
could currently serve as vectors for 
cloning genes in plants and plant cell 
protoplasts are Cauliflower Mosaic 
Virus (CaMV) and its close relatives, 
which have relaxed circular double- 
stranded DNA genomes with a molecu- 
lar weight of 4.510% and Bean 
Golden Mosaic Virus (BGMV) and re- 
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lated viruses with small (<10* daltons) 
single-stranded DNA genomes. These 
viruses are not known to integrate into 
‘ host chromosomes or to incorporate 
cellular genes into their genomes. 
CaMV is spread in nature by aphids, in 
which it survives for a few hours. 
Spontaneous mutants of CaMV which 
lack a factor essential for aphid trans- 
mission arise frequently. BGMV is 
spread in nature by whiteflies, and 
certain other single-stranded DNA 
plant viruses are transmitted by leaf- 
hoppers. These single-stranded plant 
viruses persist for days or weeks in 
their insect vectors, but are thought 
not to replicate there. 

The DNA plant viruses have narrow 
host ranges and are relatively difficult 
to transmit mechanically. to plants. 
For this reason, they are most unlike- 
ly to bé accidentally transmitted from 
spillage of purified virus preparations. 

When these viruses are used as vec- 
. tors in intact plants, or propagative 
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plant parts, the plants should be 
grown under P1 conditions—that is, in 
either a limited access greenhouse or 
plant growth cabinet which is insect- 
proof, preferably with positive air 
pressure, and in which an insect fumi- 
gation regime is maintained. Soil, 
plant pots, and unwanted infected 


plant materials should be removed. 


from the greenhouse or cabinet in 
sealed insect-proof containers and 
sterilized. It is not necessary to steril- 
ize run-off water from the infected 
plants, as this is not a plausible route 
for secondary infection. When the vir- 
uses are used as vectors in tissue cul- 
tures or in small plants in axenic cul- 
tures, no special containment is recom- 
mended. Infected plant materials 
which have to be removed from the 
greenhouse or cabinet for further re- 
search, should be maintained under 
insect-proof conditions. These meas- 
ures provide an entirely adequate 
degree of containment. They are simi- 


lar to those required in many. coun- 
tries for licensed handling of ‘‘exotic’”’ 
plant viruses. 


The CaMV strain used as a cloning 
vector should be a mutant that lacks 
the aphid transmission factor. 


The viruses or their DNA may also 
be useful as vectors to introduce genes 
into plant protoplasts. The fragility of 
plant protoplasts combined with the 
properties of the viruses mentioned 
above provide adequate safety. Since 
no risk to the environment from the 
use of the DNA plant virus/protoplast 
system is envisaged, no special con- 
tainment is recommended, except as 
described in the following paragraph. 


Experiments involving the use of 
plant virus genomes to propagate DNA 
sequences from eukaryotic viruses will 
be evaluated on a_ case-by-case 
basis(¢45) and will be conducted under 
the recommended containment condi- 
tions. 
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Ilt-C-4. Plant Host-Vector Systems 
Other than Viruses. Organelle, plas- 
mid, and chromosomal DNA’s may be 
used as vectors. DNA recombinants 
formed between such vectors and host 
DNA, when propagated only in that 
host (or a closely related strain of the 
same species), are exempt from these 
Guidelines (see section I-E). DNA re- 
combinants formed between such vec- 
tors and DNA from cells other than 
the host species require P2 physical 
containment. The development and 
use of host-vector systems that exhibit 
a high level of biological containment, 
such as those using protoplasts or un- 
differentiated cells in culture, permit a 
decrease in the physical containment 
to P1. 

Intact plants or propagative plant 
parts which because of their large size 
cannot be grown in a standard P2 lab- 
oratory may be grown under the Pl 
conditions described above in section 
IlI-C-3 except that (i) sterilization of 
run-off water is required where this is 
a plausible route for secondary infec- 
tion and (ii) the standard P2 practices 
are adopted for microbiological work. 

IlI-C-5. Fungal or Similar Lower 
Eukaryotic Host-Vector Systems. The 
containment criteria for DNA recom- 
binant experiments using these host- 
vectors most closely resemble those 
for prokaryotes, rather than those for 
the preceding eukaryotes, since the 
host cells usually exhibit a capacity 
for dissemination outside the labora- 
tory that is similar to that for bacte- 
ria. Therefore, the procedures estab- 
lished for certification of HV systems 
other than’ E. coli K-12 (sec. II-D-2) 
will also apply to these fungal or simi- 
lar lower eukaryotic host-vector sys- 
tems. 

Once an HV1 system is approved by 
NIH, it may be used under P2 contain- 
ment for shotgun experiments with 
phages, plasmids, and DNA from Class 
1 prokaryotes(1) and lower eukaryotes 
that do not produce polypeptide 
toxins.(34) Other classes of recombin- 
ant DNA experiments with these HV1 
systems will require prior approval 
and classification by NIH. Should HV2 
or HV3 systems of this type be devel- 
oped and approved by NIH, guidelines 
for their use in other types of recom- 
binant DNA experiments will also be 
established. 

In addition to the experiments de- 
scribed above, the following experi- 
ments maybe carried out without the 
eukaryotic host (Host C) having been 
approved as an HVi host: DNA from 
Host C may be inserted into a vector 
from a certified EK2 host-vector 
system and propagated in E. coli K-12 
under the appropriate containment 
conditions [see Section III-A-1-(a)- 
(5)]. Subsequently, this recombinant 
DNA may be returned to Host C and 


NOTICES 


propagated there under P1 conditions. 
(43) 

It-D. Complementary DNA’s. Spe- 
cific containment levels are given in 
Section III-A-2-a (see also last column 
of Table III) for complementary DNA 
(cDNA) of viral mRNA. For the other 
Sections of the Guidelines, where ap- 
plicable, cDNA’s synthesized in vitro 
are included within each of the above 
classifications. For example, cDNA’s 
formed from cellular RNA’s that are 
not purified and characterized are in- 
cluded under III-A-1, shotgun experi- 
ments; cDNA’s formed from purified 
and characterized RNA’s are included 
under III-A-3; etc. 

Due to the possibility of nucleic acid 
contamination of enzyme preparations 
used in the preparation of cDNA’s, the 
investigator must employ purified 
enzyme preparations that are free of 
viral nucleic acid. 

III-E Synthetic DNA’s. If the syn- 
thetic DNA segment could yield a po- 
tentially harmful polynucleotide or 
polypeptide (e.g., a toxin or a pharma- 
cologically active agent), the contain- 
ment conditions must be as stringent 
as would be used for propagating the 
natural DNA counterpart. 

If the synthetic DNA sequence codes 
for a harmless product, it may be 
propagated at the same containment 
level as its purified natural DNA coun- 
terpart. For example, a synthetic DNA 
segment, to be propagated in E. coli 
K-12, which corresponds to a non- 
harmful gene of birds, would require 
P2 physical containment plus an EK1 
host-vector, or Pl + EK2. 

If the synthetic DNA segment is not 
expressed in vivo as a polynucleotide 
or polypeptide product, the organisms 
containing the recombinant DNA mol- 
ecules are exempt(¢) from the Guide- 
lines. 


IV. ROLES AND RESPONSIBILITIES 


Safety involving recombinant DNA 
molecules depends primarily on the in- 
dividuals conducting the research ac- 
tivities. The guidelines cannot antici- 
pate every possible situation. Motiva- 
tion and good judgment are the keys 
to protection of health and the envi- 
ronment. 

The guidelines are designed to help 
the principal investigator determine 
the safeguards that should be imple- 
mented. They will never be complete 
and final, since all conceivable experi- 
ments involving recombinant DNA 
cannot be foreseen. Therefore, it is the 
principal investigator’s responsibility 
to insure that the purpose of the 
guidelines is fulfilled. 

The institution, and the Institution- 
al Biosafety Committee (IBC) acting 
on its behalf, are given responsibility 
for seeing that recombinant DNA ac- 
tivities comply with the guidelines. 
This delegation of authority will serve 


the scientific process and at. the same 
time properly focus accountability for 
safe conduct of the research. 

The following roles and responsibil- 
ities constitute. an administrative 
framework in which safety is an essen- 
tial and integral part of research in- 
volving recombinant DNA molecules. 
Detailed administrative procedures de- 
signed to implement this framework 
are provided in Appendix C. Further 
clarifications and interpretations of 
roles and responsibilities will be issued 
by NIH as necessary. 

IV-A. Responsibilities of the Institu- 
tion 

IV-A-1. Institution. The institution 
bears primary responsibility for estab- 
lishing and implementing policies for 
the safe conduct of research involving 
recombinant DNA molecules. These 
shall be policies that assure compli- 
ance with the NIH Guidelines. In car- 
rying out its responsibilities, the insti- 
tution shall: 

IV-A-1-a. establish an Institutional 
Biosafety Committee (IBC) and insure 
that it is fulfilling its responsibilities; 

IV-A-1-b. report to the NIH Office 
of Recombinant DNA Activities 
(ORDA) the names of members of its 
IBC and relevant information on 
them; 

IV-A-i-c. submit to NIH for regis- 
tration a Memorandum of Under- 
standing and Agreement (MUA) or 
equivalent information (in the case of 
non/NIH supported recombinant DNA 
projects), approved by the IBC, for all 
recombinant DNA research at an insti- 
tution receiving any NIH funds for re- 
combinant DNA research (see section 
IV-C and Appendix C for NIH policies 
on MUAs and other required docu- 
mentation); 

IV-A-1-d. Assume responsibility for 
insuring compliance of recombinant 
DNA projects with the procedures and 
standards of the NIH Guidelines. If, 
upon registration and review, NIH 
(ORDA) finds that IBC approved pro- 
tocols do not conform with standards 
set forth in the NIH Guidelines, the 
institution will be notified by NIH and 
shall take appropriate action to bring 
the protocols into compliance (see Ap- 
pendix C for additional information). 
Further, the institution shall insure 
that all principal investigators, irre- 
spective of source of funding, have 
agreed to carry out their responsibil- 
ities under the Guidelines; 

IV-A-1l-e. Determine, in connection 
with each project, the necessity for 
medical surveillance of recombinant 
DNA _ research personnel before, 
during, and after their involvment in 
this research. Where possible, each in- 
stitution should cooperate with the 
local public health department. An in- 
stitution’s medical surveillance pro- 
gram might include, for example, rec- 
ords of agents handled, active investi- 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





gation of relevant illnesses acquired by 
recombinant DNA research personnel, 
and the maintenance of serial serum 
samples (see “Laboratory Safety 
Monograph—A Supplement to the 
NIH Guidelines for Recombinant DNA 
Research” for additional information 
on medical surveillance); 

IV-A-1-f. Establish rules as neces- 
sary to implement the Guidelines. 

IV-A-2. Institutional Biosafety Com- 
mittee. The principal functions of the 
IBC are to review and oversee all re- 
combinant DNA projects and to advise 
the institution and ORDA whether 
the proposals and the research comply 
with the NIH Guidelines. 

The IBC shall be a committee of not 
less than five members so selected 
that the committee has the experience 
and expertise to assess the safety of 
proposed recombinant DNA research 
projects and any potential risks to 
public health or the environment. Its 
membership should include individ- 
uals from disciplines relevant to re- 
combinant DNA technology, biological 
safety, and engineering. It is recom- 
mended that the IBC also include 
members knowledgeable about such 
matters as applicable law, standards of 
professional conduct and _ practice, 
community attitudes, and the environ- 
ment. It is recommended that at least 
one member be a nondoctoral person 
from a laboratory technical staff. No 
member of an IBC may be involved 
(except to provide information re- 
quested by the IBC) in the review or 
approval of a project in which he or 
she has been, or excepts to be en- 
gaged, or has a direct finanical inter- 
est. At least one member shall not be 
affiliated with the institution, i.e., no 
IBC may consist entirely of persons 
who are officers, employees, or agents 
of the institution, or are otherwise as- 
sociated with it apart from their mem- 
bership on the IBC. 

On behalf of the institution, the IBC 
shall: 

IV-A-2-a. Review and, if in compli- 


ance with the NIH Guidelines, ap-° 


proved the initiation of all proposed 
recombinant DNA research conducted 
at or sponsored by the institution re- 
ceiving NIH funds for any recombin- 
ant DNA research. (All P4 research 
must recieve prior approval by NIH 
before its initiation.) This review shall 
include (i) an independent assessment 
of the containment levels required by 
these guidelines for the proposed re- 
search, and (ii) review and approval of 
facilities, procedures, practices, and 
the training and expertise of recom- 
binant DNA personnel; 

IV-A-2-b. Consider requests for ap- 
proval of single-step reductions in con- 
tainment levels for experiments with 
purified DNA and characterized clones 
and report to ORDA those actions in 


NOTICES 


which ‘approval is given (see section 
III-A-3); 

IV-A-2-c. Review periodically recom- 
binant DNA research being conducted 
at the institutions; 

IV-A-2-d. Review and approve emer- 
gency plans covering accidential spills 
and personnel contamination resulting 
from this research; 

IV-A-2-e. Report promptly to 
ORDA any problems with the Guide- 
lines of violations; 

IV-A-2-f. Keep minutes of meetings 
and, upon request, make them availa- 
ble to the public; 

IV-A-2-g. Otherwise advise the insti- 
tution and ORDA on policy matters 
relating to recombinant DNA re- 
search. 

Appendix C and “Laboratory Safety 
Monagraph—A Supplement to the 
NIH Guidelines for Recombinant DNA 
Research” contain additional informa- 
tion and suggestions regarding the 
function and operation of IBCs. 

IV-A-3. Biological Safety Officer. A 
biological safety officer shall be desig- 
nated by each institution engaged in 
recombinant DNA research at the P3 
or P4 containment level. The officer 
shall be a member of the IBC. His or 
her duties shall include, but need not 
be limited to: 

IV-A-3-a. Insuring through periodic 
inspections that laboratory safety 
standards are rigorously followed; 

IV-A-3-b. Developing emergency 


plans for dealing with accidental spills 


and personnel contamination, and in- 
vestigating recombinant DNA research 
laboratory accidents; 

IV-A-3-e. Providing advice on labo- 
ratory security; 

IV-A-3-d. Providing technical advice 
to the principal investigator and IBC 
on research safety procedures. 

See “Laboratory Safety Mono- 
graph—A Supplement to the NIH 
Guidelines for Recombinant DNA Re- 
search” for additional information on 
the duties of the Biological Safety Of- 
ficer. 

IV-A-4. Principal Investigator. The 
principal investigator is responsible 
for conducting his or her recombinant 
DNA research in compliance with the 
NIH Guidelines. On behalf of the in- 
stitiution, the principal investigators 
responsible for: 

IV-A-4-a. Complying fully with the 
guidelines in carrying out the re- 
search; ‘ 

IV-A-4-b. Making the initial deter- 
mination of the required levels of 
physical and biological containment in 
accordance with the guidelines; 

IV-A-4-c. Selecting appropriate mi- 
crobiological practices and laboratory 
techniques to be used in the research; 

IV-A-4-d. Being adequately trained 
in good microbiological techniques; 

IV-A-4-e. Submitting the proposed 
research (including subsequent 
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changes in the protocol—e.g., changes 
in the source of DNA or host-vector 
system to be used) to the IBC for 
review and approval or disapproval, 
and remaining in communication with 
the IBC throughout the -conduct of 
the project; 

IV-A-4-f. Initiating no recombinant 
DNA research subject to the guide- 
lines until it has been approved by the 
IBC and has met all other require- 
ments of the guidelines, and agreeing 
to make changes to conform if 
ORDA’s review so requires; 

IV-A-4-g. Petitioning NIH, after no- 
tifying the IBC, for exceptions or ex- 
emptions (4) to these guidelines—e.g., 
for an exception to a prohibition (see 
section I-D) or an exemption from the 
guidelines (see section I-E-4 and I-E- 
5). Each request for such an exception 
or exemption must be accompanied by 
adequate documentation (see appen- 
dix C for additional information on 
procedures); 

IV-A-4-h. Reporting promptly to 
the IBC and NIH (ORDA) any prob- 
lems with or violations of the guide- 
lines; 

IV-A-4-i. Submitting information on 
proposed new host-vector systems to 
ORDA in order to have them certified; 

IV-A-4-j. Reporting to the IBC and 
ORDA new information bearing on 
the guidelines; 

IV-A-4-k. Adhering to IBC-approved 
emergency plans for dealing with acci- 
dental spills and personnel contamina- 
tion; 

IV-A-4-1. Compkying with shipping 
requirements for recombmant DNA 
molecules (see section TI-C, appendix 
C, and “Laboratory Safety Mono- 
graph—A Supplement to the NIH 
Guidelines for Recombinant DNA Re- 
search” for instruetions on shipping 
and distributing organisms and viruses 
containing recombinant DNA); 

IV-A-4-m. After receiving IBC ap- 
proval and before initiating the re- 
search, the principal] investigator is re- 
sponsible for: ‘ 

IV-A-4-m-(1). Making available to 
the laboratory staff copies of the ap- 
proved protocols that describe the po- 
tential biohazards and the precautions 
to be taken; 

IV-A-4-m-(2). Instructing and train- 
ing the staff in the practices and tech- 
niques required to insure safety and in 
the procedures for dealing with acci- 
dents; 

IV-A-4-m-(3). Informing the staff of 
the reasons and provisions for any ad- 
vised or requested precautionary medi- 
cal practices, such as vaccinations or 
serum collection. 

IV-A-4-n. During the conduct of the 
research, the principal investigator is 
responsible for: 

IV-A-4-n-(1). Supervising the safety 
performance of the staff to insure 
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that the required safety practices and 
techniques are employed; 

IvV-A-4-n-(2). Investigating and re- 
porting in writing to ORDA and the 
IBC any serious or extended illnesses 
of a worker or any accident that re- 
sults in (i) inoculation of recombinant 
DNA materials through cutaneous 
penetration, (ii) ingestion of recombin- 
ant DNA materials, (iii) probable inha- 
lation of recombinant DNA materials 
following gross aerosolization, or (iv) 
any incident causing serious exposure 
to personnel or danger of environmen- 
tal contamination; 

IV-A-4-n-—(3). Investigating and re- 
porting in writing to ORDA, the bio- 
logical safety officer (where applica- 
ble), and the IBC any significant prob- 


lems pertaining to operation and im-. 


plementation of biological and physi- 
cal containment practices and proce- 
dures; 

IV-A-4-n-(4). Correcting work errors 
and conditions that may result in the 
release of recombinant DNA materials; 

IV-A-4-n-5). Insuring the integrity 
of the physical containment (e.g., bio- 
logical safety cabinets) and the bio- 
logical containment (e.g., genotypic 
and phenotypic characteristics, purity, 
etc.). 

See “Laboratory Safety Mono- 
graph—A Supplement to NIH Guide- 
lines for Recombinant DNA Research” 
for additional information on training 
and laboratory and accident proce- 
dures. 

IV-A-4-o0. While not a requirement, 
it is urged that all publications dealing 
with recombinant DNA research in- 
clude a description of the physical and 
biological containment procedures em- 
ployed, to aid others who might con- 
sider repeating the work. 

IV-B. Responsibilities of NIH. 

IV-B-1. Office of the Director, NIH. 
The Office of the Director shall be re- 
sponsible for: 

IV-B-1-a. Final interpretation of the 
guidelines; 

IV-B-1-b. Revision and amendment 
of the guidelines after appropriate 
notice and opportunity for public com- 
ment; 

IV-B-1-c. Certification of new host- 
vector systems and decertification of 
existing host-vector systems after ap- 
propriate notice and opportunity for 
public comment (see Section II-D-2- 
a); E 

IV-B-1id. Promulgating and amend- 
ing a list of classes of recombinant 
DNA molecules to be exempt(4) from 
these guidelines after appropriate 
notice and opportunity for public com- 
ment, if it is found that they consist 
entirely of DNA segments from differ- 
ent species that exchange DNA by 
known physiological processes or oth- 
erwise do not present a significant risk 
to health or environment (see section 
I-E-4 and I-E-5); 


NOTICES 


IV-B-1-e. Permitting, after appropri- 
ate notice and opportunity for public 
comment, exceptions(4) to the Prohi- 
bitions in the guidelines for experi- 
ments—e.g., risk-assessment studies. In 
making such decisions on exceptions, 
weight will be given both to scientific 
and societal benefits and to potential 
risks (see section I-D). Also, approving 
changes in containment levels for spe- 
cific experiments, or the assignment of 
levels to experiments not explicitly 
considered in the guidelines (see part 
III). Also, designating as class 1 for 
purposes of these guidelines certain 
agents which are listed as class 2 (see 
footnote 1); 


IV-B-1-f. Overseeing the implemen- - 


tation of the guidelines; 

IV-B-1-g. Requesting, when appro- 
priate, the advice of the Advisory 
Committee to the Director, NIH, on 
matters relevant to recombinant DNA 
policy issues; 

IV-B-1-h. Promulgating rules as 
necessary to implement the guidelines. 

IV-B-2. NIH Recombinant DNA Ad- 
visory Committee. The duties of the 
Recombinant DNA Advisory Commit- 
tee CRAC) shall include: 

IV-B-2-a. Recommending to the Di- 
rector, NIH, revisions of these guide- 
lines periodically and any amendments 
to the guidelines as necessary; 

[V-B-2-b. Advising the Director, 
NIH, and ORDA on questions of inter- 
pretation of the guidelines; 

IV-B-2-c. Recommending to the Di- 
rector, NIH whether host-vector sys- 
tems qualify for certification (see sec- 
tion II-D-2-a); 

IV-B-2-d. Recommending to the Di- 
rector, NIH, whether currently certi- 
fied host-vector systems should be de- 
certified; 

IV-B-2-e. Recommending to the Di- 
rector, NIH, a list (and amendments to 
the list) of other classes of experi- 
ments to be exempt(4) from these 
guidelines (see section I-E-4 and I-E- 
5); 

IV-B-2-f. Recommending to the Di- 
rector, NIH, whether experiments 
should be granted an exception (4) 
from the prohibitions in the guide- 
lines—for example, in order to allow 
risk-assessment studies—and at the 
same time recommending appropriate 
levels of physical and biological con- 
tainment for these experiments. In 
making such recommendations, weight 
shall be given both to scientific and so- 
cietal benefits and to potential risks 
(see section I-D); 

IV-B-2-g. Recommending to the Di- 
rector, NIH, changes in containment 
levels for specific experiments, or the 
assignment of levels to experiments 
not explicitly considered in the guide- 
lines (see part III); 

IV-B-2-h. Recommending to the Di- 
rector, NIH, designation as class 1 ‘for 
purposes of these guidelines certain 


agents that are listed as class 2 (see 
footnote 1); 

IV-B-2-i. Recommending to NIH 
whether a cloned recombinant DNA 
segment has been rigorously charac- 
terized and whether there is sufficient 
evidence that it is free of harmful 
genes, so that experiments involving it 
may be conducted under lower con- 
tainment conditions; 

IV-B-2-j. Carrying out other func 
tions as assigned under the RAC’s 
charter or by the Secretary, the As- 
sistant Secretary for Health, or the 
Director, NIH. 

IV-B-3. NIH Components. Various 
NIH components shall perform the 
following: 

IV-B-3-a. ORDA. ORDA shall serve 
as a focal point for information on re- 
combinant DNA activities and provide 
advice to all within and outside NIH, 
including institutions, biosafety com- 
mittees, principal investigators, and 
State and local governments. In addi- 
tion, ORDA shall: 

IV-B-3-a-(1). Make an independent 
evaluation of the containment levels 
required for the research covered by 
these guidelines; 3 

IV-B-3-a-(2). Determine whether ; 
the physical and biological contain- : 
ment levels approved by the IBC are | 
in accord with the requirements of the 
guidelines; 

IV-B-3-a—(3). Make interpertations 
of the guidelines and approve reduc- 
tion of containment levels of more 
than one step for characterized clones, 
or for cases involving primate DNA, or 
to levels below P1+EK1 (see section , 
ItI-A-3). In most cases this will in- 
volve prior review by the RAC; 

IV-B-3-a-(4). Provide timely notice 
to local institutions when protocols, 
including modifications to ongoing 
projects, do not conform to the stand- 
ards in the. NIH guidelines; 

IV-B-3-a-(5). Maintain a register of 
recombinant DNA projects; 

IV-B-3-a-—(6). Serve as executive sec- 
retariat for the RAC; 

IV-B-3-a-(7). Publish the Recombia- 
ant DNA Technical Bulletin; 

IV-B-3-a-(8). Review membership of 
IBC’s. ; 

IV-B-3-b. Other NIH Components. 
Other NIH components shall be re- 
sponsible for: 

IV-B-3-b-(1). Awarding no grants or 
contracts unless properly executed 
MUAs have been received; 

IV-B-3-b-(2). Certifying P4 facili- 
ties, inspecting them periodically, and 
inspecting other recombinant DNA fa- 
cilities as deemed necessary; 

IV-B-3-b-(3). Announcing and dis- 
tributing certified HV2 and HV3 host- 
vector systems (see section II-D-3). 

See Appendix C for additional infor 
mation on the administrative proce- 
dures of ORDA and other NIH compo- 
nents. 
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IV-C. Registration. 

IV-C-1. Required Registration. All 
institutions receiving NIH funds for 
recombinant DNA projects’ shall 
inform NIH of all recombinant DNA 
projects at the institution. A non-NIH 
project shall be registered with NIH 
after it has been approved by the IBC 
and initiated. Applications for NIH 
projects must be accompanied by an 
MOA. 

For information on MUA’s or equiv- 
alent documents, which must be sub- 
mitted for registration of recombinant 
DNA projects, see section IV of appen- 
dix C. 

IV-C-2. Voluntary Registration and 
Certification. Any institution which is 
not required to comply with the guide- 
lines may nevertheless register recom- 
binant DNA research projects with 
NIH by submitting the appropriate in- 
formation to ORDA. NIH will accept 
requests for certification of host- 
vector systems proposed by the insti- 
tution. The submitter must agree to 
abide by the physical and biological 
containment standards of the NIH 


guidelines. 

IV-C-3. Disclosure of Information 

IV-C-3-a. DHEW or the institution, 
in carrying out their responsibilities 
under the guidelines, shall not release 
confidential or proprietary informa- 
tion submitted pursuant to the guide- 
lines, except to the extent: 

IV.-C-3-a-(1). Required by law; 

IV-C-3-a2). Necessary to certify 
host-Vector systems; 

IV-C-3-a-(3). Necessary to deter- 
mine whether or not to aliow exemp- 
tions from the guidelines; | 

IV-C-3-a-(4). Necessary, in the judg- 
ment of the Secretary or his designee, 
the protect the public or the environ- 
ment against an unreasonable risk of 
injury to health or the environment. 

IV-C-4, Patentable Material. Institu- 
tions are reminded that whenever 
they regard information as potentially 
proprietary, they should consider ap- 
plying for a patent before submitting 
information to DHEW. 

IV-D. Compliance. As a condition 
for NIH funding of recombinant DNA 
research, institutions must insure that 
recombinant DNA-research conducted 
at or sponsored by that institution 
shali comply with the guidelines irre- 
spective of the source of funding. 

IV-D-1. Policy on Noncompliance 

IV-D-1-8. Ali NIH-funded projects 
involving recombinant DNA technol- 
ogy must comply with the NIH eguide- 
lines. Noncompliance may result in 
suspension, limitation, or termination 
of financial assistance for such pro- 
jects, and for other recombinant DNA 
research at the institution. 

IV-D-1-b. All non-NIH funded pro- 
jects involving recombinant DNA tech- 
niques conducted at or sponsored by 
an institution that receives NIH funds 


NOTICES 


for projects involving recombinant 
DNA techniques must comply with the 
NIH guidelines. Noncompliance may 
result in suspension, limitation, or ter- 
mination of NIH funds for recombin- 
ant DNA research. 

IV-D-i-c. Information concerning 
noncompliance with the guidelines 
may be brought forward by any 
person. It should be delivered to both 
ORDA and the relevant institution. 
The institution, generally through the 
IBC, shall take such action as appro- 
priate. It shall forward a complete 
report Of the incident to ORDA and, if 
appropriate, shall include recommen- 
dations for further action. 

IV-D-i-d. In cases where NIH pro- 
poses to suspend, limit, or terminate 
financial assistance because of a non- 
compliance with the guidelines, appli- 
cable HEW and PHS procedures shall 
govern. Volume 42, parts 50 and 52, 
and volume 45, parts 16 and 74, of the 
Code of Federal Regulations are 
sources of information about these 
procedures for grants. 


V. Foornotres Anp REFERENCES 


i. The reference to organisms as class 1, 2, 
3, 4, or 5 refers to the classification in the 
publication Classification of Etiologic 
Agents on the Basis of Hazard, 4th edition, 
July 1974; U.S. Department of Heaith, Edu- 
cation, and Welfare, Public Heaith Service, 
Center for Disease Control, Office of Biosa- 
fety, Atlanta, Ga. 30333. The list of organ- 
isms in each class, as given in this publica- 
tion, is reprinted in appendix B to these 
guidelines. 

However, the Director, NIH, on the rec- 
ommendation of the Recombinant DNA Ad- 
visory Committee, may designate certain of 
the agents which are listed as class 2 in the 
Classification of Etiologic Agents on the 
Basis of Hazard, 4th edition, July 1974, as 
class 1 agents for the purposes of these 
guidelines. An updated list of such agents 
may be obtained from the Office of Recom- 
binant DNA Activities (ORDA), National In- 
stitutes of Heaith, Bethesda, Md. 20014. 

The entire Classification of Etiologic 
Agents on the Basis af Hazard is in the proc- 
ess of revision. : 

2. One exception to the prohibition of for- 
mation of recombinant DNA’s derived from 
class 3, 4, or 5 agents is that the formation 
of recombinant. DNA’s derived from Vesicu- 
lar Stomatitis Virus (VSV) is not prohibited. 
The reason for this is explained in the ac- 
companying “Decision Document.” Howey- 
er, as noted in appendix B, a permit form 
the U.S. Department of Agriculture is re- 
quired for the import or interstate transport 
of VSV. This can be obtained from USDA- 
APHIS, Veterinary Service, Federal Builid- 
ing, Hyattsville, Md. 20782. 

3. The following types of data should be 
considered in determining whether DNA re- 
combinants are “characterized” and “free of 
harmful genes”: (a) the absence of poten- 
tially harmful genes (e.g., sequences con- 
tained in indigenous tumor viruses or se- 
quences that code for toxins, invasins, viru- 
lence factors, etc., that might potentiate the 
pathogenicity or communicability of the 
vector and/or host or be detrimental to 
humans, animals, or plants); (b) the types(s) 
of genetic information on the cloned seg- 
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ment and the nature of transcriptional and 
translation gene products specified; (c) the 
relationship between the recovered and de- 
sired segment. (e.g., hybridization and re- 
striction endonuclease fragmentation analy- 
sis where applicable); (d) the genetic stabil- 
ity of the cloned fragment; and (e), any al- 
terations in the biological properties of the 
vector and host. 

4. In section I-E, “ exemptions’ from the 
guidelines are discussed. Such experiments 
are not covered by the guidelines and need 
not be registered with NIH. In section I-D 
on “prohibitions,” the possibility of “excep- 
tions” is discussed. An “exception” means 
that an experiment may be expressly re 
leased from a prohibition. At that time it 
will be assigned appropriate levels of physi- 
cal and biological containment. 

5. See “Laboratory Safety Monograph—A 
Supplement to the NIH Guidelines for Re- 
combinant DNA Research” for information 
on inactivating DNA. 

6. Laboratory Safety at the Center for Dis- 
ease Control (Sept. 1974). U.S. Department 
of Health Education and Welfare Publica- 
tion No. CDC 75-8118. 

7. Classification of Etiologic Agents on the 
Basis of Hazard. (4th Edition, July 1974). 
US. Department of Health, Education and 
Welfare. Public Health Service. Center for 
Disease Control, Office of Biosafety, Atlan- 
ta, Ga. 30333. 

8. National Cancer Institute Safety Stand- 
ards for Research invoiving Oncogenic Vir- 
uses (Oct. 1974). U.S. Department of Heaith, 
Education and Weifare Publication No. 
(NIH 75-790. 

9. National Institutes of Health Bioha- 
zards Safety Guide (1974). U.S. Department 
of Health, Education, and Welfare, Public 
Health Service, National Institutes of 
Health. U.S. Government Printing Office, 
Stock No. 1740-00383. 

10. Biohazards in Biological Research 
(1973). A. Hellman, M. N. Oxman, and R. 
Pollack (ed.) Cold Spring Harbor Labora- 
tory. 

il. Handbook of Laboratory Safety (1971). 
Second Edition. N. V. Steere (ed,.). The 
Chemical Rubber Co., Cieveland. 

12. Bodily, H. L. (1970). General Adminis- 
tration of the Laboratory, H. L. Bodily, E. L. 
Updyke, and J. O. Mason (eds.), Diagnostic 
procedures of Bacterial, Mycotic and Para- 
sitic Infections. American Public Health As- 
sociation, New York, pp. 11-28. 

13. Darlow, H. M. (1969). Safety in the Mt- 
crobiological Laboratory. In J. R. Norris 
and D. W. Robbins (ed.), Methods in Micro- 
biology. Academic Press, Inc. New York. pp. 
169-204. 

14, The Prevention of Laboratory Acquired 
Infection (1974). C. H. Collins, £. G. Hart- 
ley, and R. Pilsworth. Public Health Labora- 
tory Service, Monograph Series No. 8. 

15. Chatigny, M. A. (1961). Protection 
Against Infection in the Microbiological 
Laboratory: Devices and Procedures. In W. 
W. Umbreit (ed.). Advances in Applied Mi- 
crobiology. Academic Press, New York, N.Y. 
3:131-192. 

16. Design Criteria for Viral Oncology Re- 
search Facilities (1975). U.S. Department of 
Health, Education and Welfare, Public 
Health Service, National Institutes of 
Health, DHEW Publication No. (NIH) T5- 
891, Pa 

17. Kuehne, R. W. (1973). Biological Con- 
tainment Facility for Studying Infectious 
Disease. Appl. Microbiol. 26-239-243. 
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18. Runkle, R. S., and G. B. Phillips 
(1969). Microbial Containment Control Fa- 
cilities. Van Norstrand Reinhold, New York. 

19. Chatigny, M. A., and D. I. Clinger 
(1969). Contaimination Control in Aerobio- 
logy. In R. L. Dimmick and A. B. Akers’ 
(eds.) An Introduction to Experimental Aer- 
obiology. John Wiley & Sons, New York pp. 
194-263. 

20. Biological safety cabinets referred to 
in this section are classified as class I, class 
II, or class III cabinets. A class I is a venti- 
lated cabinet for personnel protection 
having an inward flow of air away from the 
operator. The exhaust air from this cabinet 
is filtered through a high-efficiency particu- 
late air (HEPA) filter. This cabinet is used 
in three operational modes: (1) with a full- 
width open front, (2) with an installed front 
closure panel (having four 8-inch diameter 
openings) without gloves, and (3) with an in- 
stalled front closure panel equipped with 
arm-length rubber gloves. The face velocity 
of the inward flow of air through the full- 
width open front is 75 feet per minute or 
greater. A class II cabinet is a ventilated 
cabinet for personnel and product protec- 
tion having an open front with inward air 
flow for personnel protection, and HEPA fil- 
tered mass recirculated air flow for product 
protection. The cabinet exhaust air is fil- 
tered through a HEPA filter. The face ve- 
locity of the inward flow of air through the 
full-width open front is 75 feet per minute 
or greater. Design and performance specifi- 
cations for class II cabinets have been 
adopted by the National Sanitation Founda- 
tion, Ann Arbor, Mich. A class III cabinet is 
a closed-front ventilated cabinet of gas-tight 
construction which provides the highest 
level of personnel protection of all bioha- 
zard safety cabinets. The interior of the 
cabinet is protected from contaminants ex- 
terior to the cabinet. The Cabinet is fitted 
with arm-length rubber gloves and is operat- 
ed under a negative pressure of at least 0.5 
inch water gauge. All supply air is filtered 
through HEPA filters. Exhaust air is fil- 
tered through two HEPA filters or one 
HEPA filter and incinerator before being 
discharged to the outside environment. 

21. Hershfield, V., H. W. Boyer, C. Yan- 
ofsky, M. A. Lovett, and D. R. Helinski 
(1974). Plasmid ColEl as a Molecular Vehi- 
cle for Cloning and Amplification of DNA. 
Proc. Nat. Acad. Sci. USA 71, 3455-3459. 

22. Wensink, P. C., D. J. Finnegan, J. E. 
Donelson, and D. S. Hogness (1974). A 
System for Mapping DNA Sequences in the 
Chromosomes of Drosophila Melanogaster. 
Cell 3, 315-235. 

23. Tanaka, T., and B. Weisblum (1975). 
Construction of a Colicin El-R Factor Com- 
posite Plasmid In Vitro: Means for Amplica- 
tion of Deoxyribonucleic Acid. J. Bacteriol. 
121, 354-362. 

24. Amstrong, K. A., V. Hershfield, and D. 
R. Helinski (1977). Gene Cloning and Con- 
tainment Properties of Plasmid Col El and 
Its Derivatives, Science 196, 172-174. 

25. Bolivar, F., R. L. Rodriguez, M. C. Bet- 
lach, and H. W. Boyer (1977). Construction 
and Characterization of New Cloning Vehi- 
cles: I. Ampicillin-Resistant Derivative of 
pMB9. Gene, in press. 

26. Cohen, S. W., A. C. W. Chang, H. 
Boyer, and R. Helling (1973). Construction 
of Biologicaily Functional Bacterial Plas- 
mids in Vitro. Proc. Natl. Acad. Sci. USA 70, 
3240-3244. 

27. Bolivar, F., R. L. Rodriguez, R. J. 
Greene, M. C. Batlach, H. L. Reyneker, H. 
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W. Boyer, J. H. Crosa, and S. Falkow. Con- 
struction and Characterization of New 
Cloning Vehicles: II. A Multi-Purpose Clon- 
ing System. Gene, in press. 

28. Thomas, M., J. R. Cameron, and R. W. 
Davis (1974). Viable Molecular Hybrids of 
Bacteriophage Lambda and Eukaryotic 
DNA. Proc. Nat. Acad. Sci. USA 71, 4579- 
43583. 

29. Murray, N. E., and K. Murray (1974). 
Manipulation of Restriction Targets in 
Phage Lambda to Form Receptor Chromo- 
somes for DNA Fragments. Nature 251, 476- 
481. 

30. Rambach, A., and P. Tiollais (1974). 
Bacteriophage Lambda Having EcoRI En- 
donuclease Sites Only in the Non-Essential 
Region of the Gename. Proc. Nat. Acad. Sci. 
USA 71, 3927-3930. 

31. Blattner, F. R., B. G. Williams, A. E. 
Bleche, K. Denniston-Thompson, H. E. 
Faber, L. A. Furlong, D. J. Gunwald, D. O. 
Kiefer, D. D. Moore, J. W. Shumm, E. L. 
Sheldon, and O. Smithies (1977). Charon 
Phages: Safer Derivatives of Bacteriophage 
Lambda for DNA Cloning. Science 196, 163- 
169. 

32. Donoghue, D. J., and P. A. Sharp 
(1977). An Improved Lambda Vector: Con- 
struction of Model Recombinants Coding for 
Kanamycin Resistance, Gene 1, 209-227. 

33. Leder, P., D. Tiemeier and L. Enquist 
(1977). EK2 Derivatives of Bacteriophage 
Lambda Useful in the Cloning of DNA from 
Higher Organisms: The gt WES System. Sci- 
ence 196,1'75-177. 

34. We are specifically concerned with 
potent toxins which could be produced by 
acquiring a single gene or cluster of genes. 

35. Defined. as observable under optimal 
laboratory conditions by transformation, 
transduction, phage infection, and/or conju- 
gation with transfer of phage, plasmid, and/ 
or chromosomal genetic information. Note 
that this definition of exchange may be less 
stringent than that applied to exempt or- 
ganisms under section I-E-4. 

36. As classified im the Second Report of 
the International Committee on Taxonomy 
of Viruses: Classification and Nomenclature 
of Viruses, Frank Fenner, Ed. Intervirology 
7 (19-115) 1976. (As noted in the Prohibition 
Section, the use of viruses classified[1] as 
class 3, 4, or &, other than VSV, is prohibit- 
ed.) 

37. The cDNA copy of the viral mRNA 
must be >99 percent pure; otherwise as for 
shotgun experiments with eukaryotic cellu- 
lar DNA. 

38. >99 percent pure (i.e., less than 1 per- 
cent of the DNA consists of intact viral gen- 
ames); otherwise as for whole genames. 

39. The viruses have been classified by 
NCI as “moderate risk oncogenic viruses.” 


See “Laboratory Safety Monograph—A Sup- | 


plement to the NIH Guidelines for Recom- 
binant DNA Research” for recomendations 
on handling the viruses themselves. 

40. EKICV means the use of an EK1 host 
and a vector certified for use in an EK2 
system. 

41. The DNA preparation is defined as 
“purified” if the desired DNA represents at 
least 99 percent (w/w) of the total DNA in 
the preparation, provided that it was veri- 
fied by more than one procedure. 

42. The lowering of the containment level 
when this degree of purification has been 
obtained is based on the fact that the total 
number of clones that must be examined to 
obtain the desired clone is markedly re- 
duced. Thus, the probability of cloning a 


harmful gene could, for example, be re- 
duced by more than 10°-fold when a nonre- 
petitive gene from mammals was being 
sought. Furthermore, the level of purity 
specified here makes it easier to establish 
that the desired DNA does not contain 
harmful genes. 

43. This is not permitted, of course, if it 
falls under any of the Prohibitions of sec- 
tion I-D. Of particular concern here is pro- 
hibition (v), i.e., “‘Transfer of a drug resis- 
tance trait to microorganisms that are not 
known to acquire it naturally if such acqui- 
sition could compromise the use of a drug to 
control disease agents in human or veteri- 
nary medicine or agriculture.” 

44. Because this work will be done almost 
exclusively intissue culture cells, which 
have no capacity for propagation outside 
the laboratory, the primary focus for con- 
tainment is the vector. It should be pointed 
out that risk of laboratory-acquired infec- 
tion as a consequence of tissue culture ma- 
nipulation is very low. Given good microbio- 
logical practices, the most likely mode of 
escape of recombinant DNA’s from a phys- 
ically contained laboratory is carriage by an 
infected human. Thus the vector with an in- 
serted DNA segment should have little or no 
ability to replicate or spread in humans. 

For use as a vector in a vertebrate host 
cell system, an animal viral DNA molecule 
should display the following properties: 

(i) It should not consist of the whole 
genome of any agent that is infectious for 
humans or that replicates to a significant 
extent in human cells in tissue culture. If 
the recombinant molecule is used to trans- 
form nonpermissive cells (i.e., cells which do 
not produce infectious virus particles), this 
is not a requirement. 

(ii) It should be derived from a virus 
whose epidemiological behavior and host 
range are well understood. 

(iii) In permissive cells, it should be defec- 
tive when carrying an inserted DNA seg- 
ment (i.e., propagation of the recombinant 
DNA as a virus must be dependent upon the 
presence of a complementing helper 
genome). In almost all cases this condition 
would be achieved automatically by the ma- 
nipulations used to construct and propagate 
the recombinants. In addition, the amount 
of DNA encapsidated in the particles of 
most animal viruses is defined within fairly 
close limits. The insertion of sizable foreign 
DNA sequences, therefore, generally de- 
mands a compensatory deletion of viral se- 
quences. It may be possible to introduce 
very short insertions (50-109 base pairs) 
without rendering the viral vector defective. 
In such a situation, the requirement that 
the viral vector be defective is not neces- 
sary, except in those cases in which the in- 
serted DNA encodes a bilogically active po- 
lypeptide. 3 ; 

It is desired but not required that the 
functional anatomy of the vector be 
known—that is, there should be a clear idea 
of the location within the molecule of: 

(i) the sited at which DNA synthesis origi- 
nates and terminates, 

di) the sites that are cleaved by restriction 
endonucleases, 

(iii) the template regions for the major 
gene product. 

If possible the helper virus genome 
should: 

(i) be integrated into the genome of a 
stable line of host cells (a situation that 
would effectively limit the growth of the 
vector recombinant to such cell lines) or 
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(ii) consist of a defective genome, or an ap- 
propriate conditional lethal mutant virus, 
making vector and helper dependent upon 
each other for propagation. 

However, neither of these stipulations is a 
requirement. 

45. Review by NIH on a case-by-case basis 
means prior review and the setting or appro- 
priate containment conditions by NIH. Nit 
actions in such case-by-case reviews will be 
published in the Recombinant DNA Techni- 
cal Bulletin. ‘ 

46. Provided the inserted DNA sequences 
are not derived from eukaryotic viruses. In 
the latter case, such experiments will be 
evaluated on a case-by-case basis. 

47.> 99% pure; otherwise as for sheteun 
experiments. 


APPENDIX A 


Section I-E-4 states that exempt 
from these Guidelines are “certain 
specified recombinant DNA molecules 
that consist entirely of DNA segments 
from different species that. exchange 
DNA by known physiological process- 
es, though one or more of the seg- 
ments may be a synthetic equivalent. 
A list of such exchanges will be pre- 
pared and periodically revised by the 
Director, NIH, on the recommendation 
of the Recombinant DNA Advisory 
Committee, after appropriate notice 
and opportunity for public comment. 
Certain classes are exempt as of publi- 
cation of these Revised Guidelines. 
The list is in Appendix A.” 

Under exemption I-E-4, as of the 
publication of these Revised Guide- 
lines, are any recombinant DNA mole- 
cules that are (1) composed entirely of 
DNA segments from one or more of 
the organisms listed below and (2) to 
be propagated in any of the organisms 
listed below. 

Escherichia species 

Edwardsiella species 

Citrobacter species (including Le- 

vinea) 

Salmonella species (including Arizo- 

na) ; 

Shigella species 

Klebsiella species 

Enterobacter species 

Hafnia species 

Serratia species 

Erwinia species (including Pectobac- 

terium) 

Pseudomonas species 

Rhizobium species 

Acinetobacter calcoaceticus 

Agrobacterium tumefaciens 

Rhodopseudomonas sphaeroides 


APPENDIX B 


CLASSIFICATION OF MICROORGANISMS ON 
THE BASIS OF HAZARD* 


I. Classification of Etiologic Agents on 
the Basis of Hazard (1) 


A. CLASS 1 AGENTS 


All bacterial, parasitic, fungal, viral, 
rickettsial, and chlamydial agents 
not included in higher classes. 


wie Part V, Footnotes and References, 


NOTICES 


B. CLASS 2 AGENTS 


1. Bacterial agents: 

Actinobacillus—all species except A. 
mallei, which is in Class 3 

Arizona hinshawii—all serotypes 

Bacillus anthracis 

Bordetella—all species 

Borrelia recurrentis, B. vincenti 

Clostridium botulinum, Cl. chau- 
voei, Cl. haemolyticum, Cl. histoly- 
ticum, Cl. novyi, Cl. septicum, Cl 
tetani 


Corynebacterium diphtheriae, C~ 


equi, C. haemolyticum, C. pseudo- 
tuberculosis, C. pyogenes, C. renale 

Diplococcus (Streptococcus) pneu- 
moniae j 

Erysipelothrix insidiosa 

Escherichia coli—ali enteropatho- 
genic serotypes 

Haemophilus ducreyi, H. influenzae 

Herellea vaginicola 

Klebsiella—all species and all sero- 
types 

Leptospira 
types 

Listeria—all species 

Mima polymorpha 

Moraxella—all species 

Mycobacteria—all species 
those listed in Class 3 

Mycoplasma—all species except My- 
coplasma mycoides and Myco- 
plasma agalactiae, which are in 
Class 5 

Neisseria gonorrhoeae, N. meningiti- 
dis 

Pasteurella—all species except those 
listed in Class 3 

Salmonelia—all species and all sero- 
types 

Shigella—all species and ali sero- 
types 

Sphaerophorus necrophorus 

Staphylococcus aureus 

Streptobacilus moniliformis 

Streptococcus pyogenes 

Treponema carateum, T. pallidum, 
and 7. pertenue 

Bibrio fetus, V. comma, including 
biotype El Tor, and V. parahemoly- 
ticus 

. Fungal agents: 

Actinomycetes {including Nocardia 
species and Actinomyces species 
and Arachnia propionica) 

Blastomyces dermatitidis 

Cryptococcus neoformans 

Paracoccidioides brasiliensis 

. Parasitic agents: 

Endamoeba histolytica 

Leishmania sp. 

Naegleria gruberi 

Toxoplasma gondii 

Toxocara canis 

Trichinella spiralis 

Trypanosoma cruzi 

4. Viral, Rickettsial, and Chlamydi 
agents: : 

Adenoviruses—human—all types 

Cache Valley virus 

Coxsackie A and B viruses 

Cytomegaloviruses 


interrogans—all sero- 


except 
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Echoviruses—all types 
Encephalomyocarditis virus (EMC) 
Flanders virus 

Hart Park virus 

pepe at tgs ted antigen materi- 


Herpes viruses—except Herpesvirus 
simiae (Monkey B virus) which is 
in Class 4 

Corona virus 

Influenza viruses—all types except 
A/PR8/34, which is-in Class 1 

Langet virus 

Lymphogranuloma venereum agent 

Measles virus 

Mumps virus 

Parainfluenza virus—all types 
except Parainfluenza virus 3, SF4 
strain, which is in Class 1 - 

Polioviruses—ali types, wild and at- 
tenuated 

Poxviruses—all types except Alas- 
trim, Smalipox, Monkey pox, and 
Whitepox, which, depending on ex- 
periments, are in Class 3 or,Class 4 

Rabies virus—all strains except 
Rabies street virus, which should 
be classified in Class 3 when inocu- 
lated into carnivores 

Reoviruses—all types 

Respiratory syncytial virus 

Rhinoviruses—all types 

Rubella virus 

Simian viruses—all types except 
Herpesvirus simiae (Monkey B 
virus) and Marburg virus, which 
are in Class 4 

Sindbis virus 

Tensaw virus 

Turlock virus 

Vaccinia virus 

Varicella virus 

Vole rickettsia 

Yellow (fever 
strain 


virus, 17D vaccine 


C. CLASS 3 AGENTS 


. Bacterial agents: 
Actinobacillus mallet * 
Bartonella—alli species 
Burcella—all species 
Francisella tularensis 
Mycobacterium avium, M. bovis, M. 
tuberculosis 
Pasteurella multocide type B (‘“buf- 
falo” and other foreign virulent 
strains*) 
Pseudomonas pseudomallei * 
Yersenia pestis 
2. Fungal agents: 
Coccidioides immitis 
Histoplasma capsulatum 
Histoplasma capsulatum var. duboi- 
sii 
3. Parasitic agents: 
Schistosoma mansoni 
4. Viral, Rickettsial, and Chlamydial 
agents: 
Alastrim, Smallpox, Monkey poz, 
and Whitepox, when used in vitro 
Arboviruses—all strains except those 
‘in Class 2 and 4 (Arboviruses indig- 


*USDA permit also required for import or 
interstate transport. 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





33090 


enous to the United States are in 
Class 3, except those listed in Class 
2. West Nile and Semliki Forest vir- 
uses may be classified up or down, 
depending on the conditions of use 
and geographical location of the 
laboratory.) 

Dengue virus, when used for trans- 
mission or animal inoculation ex- 
periments 

Lymphocytic chorimeningitis virus 
(LCM) 

Psittacosis-Ornithosis-Trachoma 
group of agents 

Rabies street virus, when used in in- 
oculation of carnivores (See Class 
2) 

Ricketisia—all species except Vole 
rickettsia when used for transmis- 
sion or animal inoculation experi- 
ments 

Vesicular stomatitis virus* 

Yellow fever virus—wild, when used 
in vitro 


é 


D. CLASS 4 AGENTS 


1. Bacterial agents: None. 

2. Fungal agents: None. 

3. Parasitic Agents: None. 

4.Viral, rickettsial, and Chlamydial 
Agents: 

Alastrim, Smallpox, Monkey poz, 
and Whitepoz, when used for 
transmission or animal inoculation 
experiments 

Hemorrhagic fever agents, including 
Crimean hemorrhagic Sever 
(Congo), Junin, and Machupo vir- 
uses, and others as yet undefined 

Herpesvirus simiae (Monkey B 
virus) 

Lassa virus 

Marburg virus 

Tick-borne encephalitis virus com- 
plex, including Russian spring- 
summer encephalitis, kyasanur 
forest disease, Omsk hemorrhagic 
fever, and Central European en- 
cephalitis viruses 

Venezuelan equine encephalitis 
virus, epidemic strains, when used 
for transmission or animal inocula- 
tion experiments 

Yellow fever virus—wild, when used 
for transmission or animal inocula- 
tion experiments 

II. Classification of Oncogenic Viruses 
on the Basis of Potential Hazard 
(2) 


A. LOW-RISK ONCOGENIC VIRUSES 


Rous Sarcoma 

Sv-40 

CELO 

Ad7-SV40 

Polyoma 

Bovine papoilloma 
Rat mammary tumor 
Avian Leukosis 
Murine Leukemia 
Murine Sarcoma 
Mouse mammary tumor 
Rat Leukemia 
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Hamster Leukemia 

Bovine Leukemia 

Dog Sarcoma 

Mason-Pfizer Monkey Virus 
Marek’s 

Guinea Pig Herpes 

Lucke (Frog) 

Adenovirus 

Shope Fibroma 

Shope Papilloma 


B. MODERATE RISK ONCOGENIC VIRUSES 


Ad2-SV40 
FeLV 
HV Saimiri 
EBV 
SSV-1 
GaLV 
HV ateles 
Yaba 
FeSV 
III. Animal Pathogens (3) 


A. ANIMAL DISEASE ORGANISMS WHICH 
ARE FORBIDDEN ENTRY INTO THE 
UNITED STATES BY LAW (CDC CLASS 5 
AGENT) 


1. Foot and mouth disease virus 


B. ANIMAL DISEASE ORGANISMS AND VEC- 
TORS WHICH ARE FORBIDDEN ENTRY 
INTO THE UNITED STATES BY USDA 
POLICY (CDC CLASS 5 AGENTS) 


African horse sickness virus 

African swine fever virus 

Besnoitia besnoiti 

Borna disease virus 

Bovine infectious petechial fever 

Camel pox virus 

Ephemeral fever virus 

Fowl plague virus 

Goat pox virus 

Hog cholera virus 

Louping ill virus 

Lumpy skin disease virus 

Nairobi sheep disease virus 

Newcastle disease virus 
strains) 

Mycoplasma mycoides (contagious 
bovine pleuropneumonia) 

Mycoplasma agalactiae (contagious 
agalactia of sheep) 

Rickettsia ruminatium 
water) 

Rift valley fever virus 

Rinderpest virus 

Sheep pox virus 

Swine vesicular disease virus 

Teschen disease virus 

Trypanosoma vivar (Nagana) 

Trypanosoma evansi 

Theileria parva (East Coast fever) 

Theileria annulata 

Theileria lawrencei 

Theileria bovis 

Theileria hirci 

Vesicular exanthema virus 

Wesselshron disease virus 

Zyonema farciminosum 
farcy) 


(Asiatic 


cheart 


(pseudo- 
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APPENDIX C—NIH POLICES AND ADMIN- 
ISTRATIVE PROCEDURES FOR EXPERI- 
MENTS SUBJECT TO THE NIH GuIDE- 
LINES 


The policies and procedures in this 
appendix apply only to recombinant 
DNA research subject to the NIH 
guidelines (see Pt. I of the guidelines). 

These policies and procedures are 
mandatory for all recombinant DNA 
research conducted at institutions re- 
ceiving any funds for recombinant 
DNA research from NIH. This appen- 
dix supersedes previous announce- 
ments published in the October 17, 
1977, and February 15, 1978, issues of 
the NIH Guide for Grants and Con- 
tracts and previous notices placed in 
application kits for Public Health 
Service research and training grants. 

This appendix contains NIH policies 
and procedures in effect as of the date 
of publication of the final revised 
guidelines. These policies and proce- 
dures can be superseded by subsequent 
issuances. For current NIH policies, 
contact the NIH Office of Recombin- 
ant DNA Activities (ORDA). 

I. General Requirements. 

A. Institutional Biosafety Commit- 
tee (IBC). Each institution at which 
recombinant DNA research subject to 
the guidelines is being conducted must 
have a standing biosafety committee. 
Suggestions. for the composition of 
such a committee are discussed under 
Part IV of the guidelines, which also 


NOTICES 


discusses the roles and responsibilities 
of principal investigators and institu- 
tions. A roster of the members of the 
Institutional Biosafety Committee 
(IBC) must be submitted to NIH. 

The minimum information must in- 
clude the names, addresses, occupa- 
tions, qualifications, and curricula 
vitae of the chairperson and members 
of the committee. This information 
must be submitted to: Office of Re- 
combinant DNA Activities, National 
Institutes of Health, Room 4A52, 
Building 31, Bethesda, Md. 20014. 

The membership of IBC’s is subject 
to review by ORDA for compliance 
with recommendations stated in the 
guidelines. It is the responsibility of 
each institution to update this infor- 
mation at least annually. As stipulated 
in the guidelines, ORDA will assist in 
the formation of an Area Biosafety 
Committee (ABC) when appropriate. 
Such a committee will be necessary 
when additional expertise from out- 
side a given institution is necessary for 
the IBC to fulfill its functions. 

B. Approval and Registration of Pro- 
jects. Central to the implementation of 
the guidelines is the review of pro- 
posed projects by the IBC. When the 
IBC has approved the project, the ex- 
periments may be initiated (except for 
experiments requiring P4 physical 
containment, which require prior NIH 
approval; special procedures cover 
NIH awards, see sec. II-D below). The 
institution is responsible for register- 
ing approved projects with NIH. 
ORDA will review approved projects 
and notify investigators and institu- 
tions of the results of such review. 
(See sec. II-B for requirements for 
competing and noncompeting NIH ap- 
plications. See sec. II-E for changes in 
ongoing projects, and Pt. IV for infor- 
mation on registration.) 

II. Requirements and Procedures for 
NIH-Supported Projects. This section 
describes policies and procedures for 
projects supported by NIH. 

A. Memorandum of Understanding 
and Agreement (MUA). Each applica- 
tion to the National Institutes of 
Health for a project which involves ex- 
periments subject to the NIH guide- 
lines for recombinant DNA research 
(see sec. I-E of the guidelines) must be 
accompanied by an MUA prepared in 
the format shown in the attached il- 
lustration. Applicants are urged to 
follow the sequence and format of the 
illustration as closely as possible. 

An application submitted to NIH 
without an attached MUA is incom- 
plete and will not be reviewed until a 
properly executed MUA is provided. 

1. Contents of an MUA. An MUA 
must contain the following sections: 

a. Description. A description of each 
proposed project, and the name of the 
individual investigator responsible for 
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the research if other than the princi- 
pal investigator. 

Descriptions must include informa- 
tion on: 

(1) source(s) of DNA, 

(2) nature of inserted DNA se- 
quences, and 

(3) hosts and vectors to be used. 

The descriptions must be sufficient 
to provide information about the ex- 
periments without need for reference 
to other documents. Each perform- 
ance site must be identified with the 
name(s) of the organization, city, and 
State. Ordinarily, no more than two 
pages of description for each series of 
experiments are necessary. 

b. Assessment of Containment 
Levels. An assessment of the physical 
and biological containment levels re- 
quired by the current NIH guidelines 
for each series of experiments. 

c. Statement by Principal Investiga- 
tor. A specific brief statement by the 
principal investigator agreeing to 
abide by the provisions of the NIH 
guidelines and the requirements con- 
tained in this appendix concerning 
shipment and transfer of recombinant 
DNA materials (see sec. II-F of this 
appendix). 

The principal investigator must also 
attest to the accuracy of the informa- 
tion in the MUA (see illustration in 
this appendix). 

d. Information 
review: 

(1) When facilities are in existence, a 
certification is required indicating that 
the IBC has reviewed the facilities and 
the proposed project(s) and found 
them to be in compliance with the 
NIH Guidelines, this Appendix, and 
other specific NIH instructions. The 
date of the IBC review must be speci- 
fied. 

(2) When facilities are proposed or 
are under construction or renovation 
at the time of the application, an as- 
surance in lieu of a certification must 
be provided. The assurance indicates 
that the IBC has reviewed the pro- 
posed project and the plans for the fa- 
cilities proposed or under construction 
or renovation. The assurance must in- 
clude a statement that recombinant* 
DNA experimentation will not occur 
until the completed facility has been 
reviewed by the IBC and an amend- 
ment to the MUA (i.e., the certifica- 
tion described in subparagraph (1)), 
has been submitted to NIH. 

Note:Some MUA’s may have to in- 
corporate a certification as well as an 
assurance if there are both certified 
facilities and facilities under construc- 
tion or renovation. 

e. Statement Regarding Continuing 
Compliance. A statement by the ap- 
propriate institutional official that the 
IBC will insure compliance with the 
Guidelines throughout the duration of 
the project. 


concerning IBC 
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f. Signatures. The signatures of the 
principal investigator, the IBC chair- 
person, and the institutional official(s) 
are required. 

g. Date of MUA. The date of the 
MUA for future reference will be the 
date of the institutional official’s sig- 
nature. . 

2. MUA’s for Recombinant DNA Re- 
search at Multiple Sites. When re- 
search at multiple sites is proposed, 
the MUA must specify where each 
part of the project will be carried out. 


When research is proposed at sites - 


governed by other than the applicant 
institution, signatures of the appropri- 
ate officials at both the applicant in- 
stitution and the institution(s) where 
the recombinant DNA research is to 
be conducted are required. The signa- 
tures shall indicate that the IBC’s of 
each of the institution(s) where the re- 
search is to be performed have given 
the certification and/or assurance re- 
quired in item d of the MUA. 

3. MUA’s Associated with Individual 
Fellowship Applications, Research 
Career Development Award Candi- 
dates (RCDA), Research Career Awar- 
dees (RCA), and Institutional Nation- 
al Research Service Fellowship Appli- 
cations. When projects involving re- 
combinant DNA technology subject to 
the Guidelines are involved, fellowship 
applicants, RCDA candidates, RCA’s, 
or Program Directors for Institutional 
National Research Service Fellowship 
Applications should attach to the ap- 
plication either a copy of MUA(s) al- 
ready submitted to the NIH, or submit 
a new MUA(s) as indicated below. If a 
copy is submitted, the fellowship ap- 
plicant, RCDA candidate, RCA, or 
Program Director (if other than the 
principal investigator) must sign the 
MUA copy under the signature of the 
principal investigator. 

If any recombinant DNA work is 
proposed other than that indicated in 
an existing MUA(s), a new or amended 
MUA must be submitted to NIH in ac- 
cordance with procedures in II-B and 
II-E of this Appendix. These proce- 
dures also apply to experiments using 
recombinant DNA _ technology in 
courses supported by an institutional 
fellowship. 

B. Submission of Memorandum of 
Understanding and Agreement (MUA). 

1. Competing Applications. For com- 
peting applications involving recom- 
binant DNA research subject to the 
Guidelines, an MUA must be submit- 
ted to the Division of Research 
Grants, NIH, with the application. 

2. Noncompeting Applications. Each 
noncompeting continuation applica- 
tion involving recombinant DNA re- 
search subject to the Guidelines must 
be accompanied by an updated MUA 
that indicates that. the IBC has re- 
viewed the project prior to submission 
of the application, and has found it 


NOTICES 


still in compliance with NIH Guide- 
lines. 

IMPORTANT Norte: If an investigator 
wishes immediately to initiate a proj- 
ect after IBC approval, after submit- 
ting a new competing application to 
NIH, the procedures for registration 
of non-NIH projects, described in sec- 
tion IV of this Appendix, must also be 
followed. If an investigator wishes im- 
mediately to initiate new experiments 
in an ongoing project, an MUA must 
be filed with NIH within 30 days of 
IBC approval, even if the proposed ex- 
periments are described in an MUA 
submitted with a noncompeting or a 
competing renewal application. In the 
latter cases, see procedures in section 
II-E of this Appendix, dealing with 
changes in ongoing projects, which 
must also be followed. 

C. Notation on Applications for Re- 
search and Training Grants. NIH ap- 
plication forms will be revised to in- 
clude a block to be checked indicating 
whether recombinant DNA research 
subject to the Guidelines is involved. 
Until such time as revised forms are 
available, applicants should specify in 
capital letters at the bottom of the 
first page of the application the fol- 
lowing statement: 


APPLICATION INVOLVES EXPERIMENTS 
. SUBJECT TO GUIDELINES FOR RECOMBIN- 
ANT DNA RESEARCH 


D. Award Procedures. Prior to 
award, MUA’s will be reviewed by 
ORDA for compliance with the re- 
quirements of the Guidelines. Notifi- 
cation of the status of NIH review of 
the MUA will be accomplished by one 
of the following 3 footnotes on the 
Notice of Grant Award: 

Footnote 1. ‘‘Protocols in MUA dated 
—/—/— conform to standards of NIH 
Guidelines.” 

Footnote 2. ‘Protocols in MUA dated 
—/—/—, as modified, conform to 
standards of NIH Guidelines.” 

Footnote 3. “Protocols in MUA dated 
—/—/— do not conform to standards 
of NIH Guidelines.” 

Footnote 1 will be used to indicate 
that the MUA has been reviewed by 
ORDA, and the protocols have been 
found to conform to the standards set 
forth in the Guidelines. 

Footnote 2 will be used to indicate 
that the MUA has been reviewed by 
ORDA and that certain aspects of the 
MUA do not conform to standards set 
forth in the Guidelines. Use of this 
footnote indicates that NIH has noti- 
fied the institution that appropriate 
action must be taken to bring the pro- 
tocols in question into compliance 
with NIH standards, or that the proto- 
cols in question must not be carried 
out. 

Footnote 3 will be used to indicate 
that the MUA has been reviewed by 
ORDA and the protocols have been 


found not to conform to standards set 
forth in the Guidelines. This footnote 
indicates that the proposed experi- 
ments are not to be carried out until 
they have been brought into compli- 
ance with NIH standards, and a re- 
vised MUA has been submitted to the 
NIH. 

E. Changes in Ongoing Projects. 
Changes in a project subject to the 
Guidelines must be reported to the 
IBC by the principal investigator. 

1. Protocols for Which Containment 
Levels are Explicitiy Specified by 
Guidelines. The procedures described 
in this section apply only to research 
projects for which containment levels 
are explicitly stated in the Guidelines 
or in announcements from ORDA, 
except for projects requiring P4 physi- 
cal containment, which require NIH 
approval prior to initiation of the re- 
search. 

Depending upon the judgment of 
the IBC as to whether the proposed 
changes are major or minor, the proce- 
dures described in a and b below are to 
be followed. 

a. Major Changes. A new or revised 
MUA is required for introduction of 
recombinant DNA research subject to 
the guidelines into an ongoing project, 
or for significant changes in the re- 
combinant DNA aspects of an ongoing 
project. Examples of changes in an on- 
going recombinant DNA project which 
would require the filing of a new or 
amended MUA would include (i) sig- 
nificant changes in hosts or vectors. 
(ii) significant changes in the donor 
species or the nature of the- DNA seg- 
ment being selected, (iii) major 
changes in the physical location of the 
experiments, or (iv) a change of the in- 
vestigator responsible for the conduct 
of the experiments. 

For such changes in an ongoing proj- 
ect, a new or revised MUA must be 
submitted to the IBC. Once IBC ap- 
proval has been obtained for other 
than projects requiring P4 contain- 
ment, the experiments may be initiat- 
ed. The institution must then forward 
the MUA directly to the program ad- 
ministrator of the awarding NIH 
Bureau, Institute, or Division within 
30 days of approval by the IBC. The 
MUA must identify the project by 
grant number. The principal investiga- 
tor will be notified by letter regarding 
the NIH review of the new or revised 
MUA. If review by ORDA finds that 
an MUA, or certain aspects of ‘an 
MUA, do not conform to standards set 
forth in the guidelines, the principal 
investigator and the IBC will be noti- 
fied. In such cases, immediate action 
must be undertaken to bring the pro- 
tocols into compliance with NIH 
standards or the experiments in ques- 
tion must be suspended. 

b. Minor Changes. Principal investi- 
gators should submit information or 
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minor changes in research protocols to 
the IBC. Minor changes need not be 
reported to NIH until an updated 
MOA is required (see section II-B of 
this appendix). 

2. Protocols for Which Containment 
Levels are Not Explicitly Specified by 
the NIH Guidelines: Investigators who 
wish to initiate recombinant DNA ex- 
periments for which containment 
levels are not explicitly stated in the 
guidelines or in announcements from 
ORDA must obtain approval from the 
NIH prior to initiating the proposed 
experiments. 

Because it is anticipated that the 
setting of containment levels for this 
class of experiments will require 
review by the Recombinant DNA Advi- 
sory Committee, investigators are 
strongly urged to provide to ORDA in 
writing full information on the pro- 
posed experiments prior to submission 
of a formal MUA. 

F. Shipping Requirements. 


NotTe.—Requirements regarding shipment 
and transfer of recombinant DNA materials 
may be incorporated by reference into the 
MUA (see illustration in this appendix). 


All MUA’s must indicate that the 
principal investigator (program direc- 
tor, fellow, or candidate) agrees to 
comply with the following provisions 
pertaining to shipment or transfer of 
recombinant DNA materials: 

1. Prior to shipment or transfer of 
recombinant DNA materials within 
the United States, the sending labora- 
tory shall obtain a written statement 
from the requesting laboratory that: 

a. Research involving recombinant 
DNA molecules shall be conducted in 
compliance with NIH guidelines, this 
appendix, and other NIH instructions, 
and 

b. The project proposed by the re- 
questing laboratory has been reviewed 
and approved by the IBC of the re- 
questing laboratory. 

2. Prior to shipment of recombinant 
DNA materials to a country other 
than the United States, the sending 
laboratory shall obtain a statement 
from the requesting laboratory stating 
that research involving recombinant 
DNA molecules shall be conducted in 
accordance with the containment 
levels specified by the NIH guidelines, 
or applicable national guidelines if 
such have been adopted by the coun- 
try in which the research is to be con- 
ducted. 7 

3. The sending investigator shall 
maintain a record of all shipments of 
recombinant DNA materials. 


NotTe.—See section II-D-3 of the guide- 
lines for restrictions on distribution of ceriti- 
fied host-vector systems. 


III. Policy and Procedures for Re- 
combinant DNA Research Supported 
by NIH and Conducted in Foreign 
Countries. 


NOTICES 


A. Policy. Many countries in which 
NIH-supported recombinant DNA re- 
search may be conducted have adopt- 
ed guidelines for the conduct of this 
research which are either comparable 


- to or based on principles similar to 


those of the NIH guidelines for recom- 
binant DNA research. Also, many 
countries have existing organizations 
and procedures to review and register 
recombinant DNA research, and re- 
quire documentation similar to that of 
NIH. If such guidelines and proce- 
dures exist and are comparable to the 
NIH guidelines, review and approval 
by the appropriate national body in 
the country in which the research is to 
be conducted, in general, will be ac- 
cepted as assurance that the research 
will be conducted in a _ responsible 
manner and in accord with national 
guidelines. However, NIH reserves the 
right to withhold funding if the safety 
practices to be employed are not rea- 
sonably consistent with the NIH 


“guidelines. 


B. Requirements and Procedures for 
NIH-Supported Research in Countries 
with Guidelines. The following proce- 
dures apply both to NIH awards in 
foreign countries and to U.S. investiga- 
tors intending to conduct recombinant 
DNA research with NIH support in 
foreign countries which have adopted 
guidelines. For applications for NIH 
awards in foreign countries, the re- 
quired documentation (see below) may 
be included with the application, or 
may be submitted at a later date, but 
must be submitted prior to the time of 
award. For U.S. investigators intend- 
ing to conduct recombinant DNA re- 
search abroad, the documentation 
should be submitted prior to initiation 
of the project. 

For all NIH-supported research 
abroad using recombinant DNA tech- 
nology, a document providing the fol- 
lowing information must be submitted 
to NIH: 

1. A description of each proposed 
project and the individual investigator 
responsible for the research, if other 
than the principal investigator. De- 
scriptions should indicate the sources 
of DNA, nature of inserted DNA se- 
quences, hosts and vectors to be used, 
and must be of sufficient detail to pro- 
vide information about the research 
without need for reference to other 
documentation. Ordinarily, no more 
than two pages of description for each 
series of experiments are necessary. 

2. An assessment of the level(s) of 
physical and biological containment 
required by the guidelines of the coun- 
try in which the research is to be con- 
ducted. 

3. Documentation that the research 
project is in compliance with the ap- 
plicable national guidelines and, where 
required, has been registered with the 
appropriate national body in the coun- 
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try in which the research is to be con- 
ducted. If approval of the national 
body is required prior to initiation of 
the research, the documentation must 
indicate that such approval has been 
received. 

4. The signatures of both a responsi- 
ble official and the principal investiga- 
tor. 

5. The date of signature of the re- 
sponsible official. This will become the 
date of the document for future refer- 
ence. 

C. Requirements Regarding Coun- 
tries Which Have Not Adopted Guide- 
lines. NIH funds may not be used for 
the conduct of recombinant DNA. re- 
search in a country which has not 
adopted national guidelines, unless the 
research is in full compliance with 
NIH Guidelines and the procedures re- 
quired for U.S. grant applications have 
been fulfilled—i.e., establishment of 
an institutional biosafety committee, 
filing of an MUA, etc. 

IV. Registration of 
DNA Projects. 

A. NIH-Supported Projects. An NIH- 
approved MUA will constitute registra- 
tion of projects awarded by NIH. For 
immediate initiation of projects pend- 
ing with NIH see “Important Note” 
under section II-B of this appendix. 

B. Required Registration of Non- 
NIH Projects. The guidelines require 
that institutions receiving NIH funds 
for recombinant DNA research shall 
inform NIH of all initiated recombin- 
ant DNA projects subject to the guide- 
lines (see section IV-C-1 of the guide- 
lines). For these projects, the required 
information must be submitted within 
30 days of the IBC’s approval. 

C. Voluntary Registration of Non- 
NIH Projects. The guidelines stipulate 
that any institution which is not re- 
quired to comply with the guidelines 
may nevertheless register with the 
NIH ongoing projects involving recom- 
binant DNA research subject to the 
guidelines (see section IV-C-2 of the 
guidelines). 

D. Procedures for Registration. The 
procedures in this section apply to reg- 
istration of projects in B and C above. 
Because non-NIH projects filed with 
the NIH will immediately be added to 
the register of ongoing recombinant 
DNA research, institutions may regis- 
ter only those projects which are on- 
going or about to be initiated. Institu- 
tions should not submit pending pro- 
jects to this register. 

Institutions must register these pro- 
jects directly with ORDA. It is the re- 
sponsibility of the institution to insure 
that this information is accurate and 
up-to-date by submitting any neces- 
sary revised information on a timely 
basis. Institutions are nesponsible for 
notifying ORDA when a project is 
completed or terminated so that it 
may be removed from the register. 


Recombinant 
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For registration of projects de- 
scribed in B and C above, the follow- 
ing information must be submitted: 


1. A short title for the project. 

2. Registry number of project. 

3. Start and end dates of the project. 

4. The name of the principal investi- 
gator and the name and address of the 
institution, including the department 
in which the research is being con- 
ducted and the location of the project. 

5. The source of support for the 
project. 

6. A description of each project and 
the name of the investigator responsi- 
ble for the research. Descriptions 
should indicate information on the 
sources of DNA, nature of inserted 
DNA sequences, and the host-vector 
systems being used. Ordinarily, no 
more than two pages of description for 
each series of experiments are neces- 
sary. 

7. An assessment of the level(s) of 
physical and biological containment 
required by the Guidelines for each 
series of experiments. 

8. A statement that an Institutional 
Biosafety Committee has reviewed the 
project and found it to be in compli- 
ance with the NIH Guidelines. 

9. The signatures of the principal in- 
vestigator, the chairperson of the IBC, 
and the institutional official. 

10. The date of signature by the in- 
stitutional official. This date will be 
used for reference purposes. 


E. Review. Institutions will be noti- 
fied in writing of ORDA’s review of 
the information submitted for regis- 
tration of recombinant DNA projects 
not supported by NIH. If review by 
ORDA finds that the protocols do not 
conform to standards set forth in the 
Guidelines, the institution is expected 
to take appropriate action to bring the 


NOTICES 


protocols into compliance with NIH 
standards. 

V. Lowering of Containment Levels 
for Purified DNA and Characterized 
Clones. 

A. Purified DNA Other Than Plas- 
mids, Bacteriophages, and Other Vir- 
uses, 

The Guidelines stipulate that the 
formation of DNA recombinants from 
cellular DNA’s that have been purified 
and which are free of harmful genes 
can be carried out under lower con- 
tainment conditions than those re- 
quired for the corresponding shotgun 
experiment. IBC approval is sufficient 
for such a reduction of containment 
level, except for (i) primate DNA, 
which also requires prior NIH approv- 
al, or (ii) any lowering of containment 
to levels below P1+EK1, which also 
requires prior NIH approval (see sec. 
III-A-3-a of the Guidelines). 

The IBC must notify ORDA in writ- 
ing of all such actions. Many of these 
actions will be in the context of sub- 
mission of a new or revised MUA. 

B. Characterized Clones of DNA Re- 
combinants. The Guidelines permit 
IBC’s to give approval for a single-step 
reduction in physical or biological con- 
tainment on receipt of evidence of 
characterization of a clone derived 
from a shotgun experiment and its 
probable freedom from harmful genes 
(see sec. III-A-3-b of the Guidelines). 
IBC approval is sufficient for such a 
reduction except for (i) primate DNA 
which requires prior NIH approval, or 
ii) any lowering of containment to 
levels below P1+EK1, which also re- 
quires prior NIH approval. The IBC 
must notify ORDA in writing of all 
such actions. Such notification must 
clearly indicate the name of the prin- 
cipal investigator and the project sup- 
porting the work. 


Reduction of containment levels by 
more than one step, use of primate 
DNA, or cases involving lowering of 
containment to levels below P1+EK1 
require prior approval by NIH. In the 
latter cases, complete information 
must be submitted to ORDA. Many of 
these cases are expected to require 
review by the RAC at its next sched- 
uled meeting. 

VI. Exceptions and Exemptions to 
the Guidelines. 

A. Exceptions. Exceptions to prohib- 
ited experiments require express ap- 
proval by the Director, NIH, on recom- 
mendation of the RAC after appropri- 
ate notice and opportunity for public 
comment (see sec. I-D of the Guide- 
lines). 

B. Exemptions. Classes of exempt 
experiments, which are not covered by 
the Guidelines, are cited in section I-E 
of the Guidelines. It is’ anticipated 
that additional exemptions for specific 
experiments which fall into the cate- 
gories cited in sections I-E-4 and I-E-5 
of the Guidelines may be granted by 
the Director, NIH, on the recommen- 
dation of the RAC and after appropri- 
ate notice and opportunity for public 
comment. 

C. Requests for Exceptions and Ex- 
emptions. Requests for an exception 
to a prohibition or an exemption from 
the Guidelines must be submitted to 
ORDA accompanied by adequate doc- 
umentation. Because the handling of 
requests for exceptions and exemp- 
tions will probably be a time-consum- 
ing process, investigators are strongly 
urged to discuss the proposed request 
with the staff of ORDA by telephone 
in advance of submission of a formal 
request. Decisions or requests for ex- 
ceptions or exemptions will be pub- 
lished in the Recombinant DNA Tech- 
nical Bulletin. 
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NATIONAL INSTITUTES OF HEALTH, ENVI- 
RONMENTAL IMPACT ASSESSMENT OF A 
PROPOSAL To RELEASE REVISED NIH 
GUIDELINES FOR RESEARCH INVOLVING 
RECOMBINANT DNA MOLECULES 


PREPARED BY THE OFFICE OF THE DIREC- 
TOR, NATIONAL INSTITUTES OF 
HEALTH—JULY 1978 


SUMMARY 


Nature of Document: Environmental 
Impact Assessment. 


Agency: National Institutes of 
Health, Public Health Service, U.S. 
Department of Health, Education, and 
Welfare. 


Type of Action: (X) Administrative. 
( ) Legislative. 


Description of Action: Publication 
for public comment of proposed .re- 
vised guidelines for research involving 
recombinant DNA molecules. 


Organization of Material: Back- 
ground information is presented on 
the recombinant DNA process and on 
the presumed risks and demonstrable 
benefits of this basic research tech- 
nique. Next the proposed revised 
guidelines are analyzed according to 
their four main parts: scope, principles 
of containment of possibly hazardous 
agents, proposed changes in the con- 
tainment for experiments to be cov- 
ered by the revised guidelines, and 
roles and responsibilities of investiga- 
tors and institutions. 


Analysis of Alternatives: For each of 
these four main parts, the assessment 
is presented under four sections: anal- 
ysis of the current Guidelines (in 
effect since June 23, 1976); alterna- 
tives (revisions) proposed by the NIH 
Recombinant DNA Advisory Commit- 
tee (RAC) [FEDERAL REGISTER, Septem- 
ber 27, 1977]; alternatives proposed by 
the Director, N*W, after full considera- 
tion of scientific evidence, public com- 
ments, and the testimony taken in a 2- 
day meeting of the Director’s Advisory 
Committee (DAC) at which scientists 
of various disciplines, representatives 
of environmental groups, and other 
witnesses discussed the RAC propos- 
als; and finally, the projected environ- 
mental impact of research to be con- 
ducted under the NIH Director’s pro- 
posed guidelines. Appendix A will aid 
in comparing the containment levels 
under the current guidelines with 
those under the two alternatives. Ap- 
pendix B shows how those alternatives 
would have affected all NIH-funded 
recombinant DNA experiments active 
in December 1977. 


Environmental Impact of the Pro- 
posed Action: As can best be deter- 
mined from all evidence compiled to 
date and analyzed in numerous scien- 
tific and public forums, there will be 
no adverse environmental impact from 


NOTICES 


recombinant DNA research conducted 
under the Director’s proposed revi- 
sions. The Environmental Impuct 
Statement on NIH Guidelines for Re- 
search Involving Recombinant DNA 
Molecules, issued in October 1977, pre- 
dicted that the environmental impact 
of research conducted under the 1976 
NIH Guidelines would be the contin- 
ued protection of the laboratory 
worker, the general public, and the en- 
vironment from conjectural hazards. 
So far, this prediction has been con- 
firmed: We know of no scientists con- 
ducting recombinant DNA research in 
the United States or other countries 
who are not following the NIH or com- 
parable guidelines, and no untoward 
effect of the research has been report- 
ed. Meanwhile, new scientific evidence 
as well as extensive experience in oper- 
ating under the NIH Guidelines indi- 
cate that revisions are in order. The 
predictable effect of continued use-of 
recombinant DNA techniques under 
the Director’s proposed revisions 
would be a greater realization of the 
benefits of this valuable tool without 
compromise of safety. 


CONTENTS 


Foreward. 

The Recombinant DNA Experimental 
Process. 

Risks and Benefits of Recombinant 
DNA Research. 

Analysis of Alternatives and Impact of 
Proposed Guidelines. 

I. Scope of the Guidelines. 
Analysis of Current Guidelines. 
Alternatives: RAC-Proposed Re- 

visions. 

Alternatives: Public Commenta- 
tors. 
Proposed Action: Environmental 

Impact Assessment. 

II. Containment 
Analysis of Current Guidelines. 
Alternatives: RAC-Proposed Re- 

visions. 

Alternatives: Public Commenta- 
tors. 
Proposed Action: Environmental 

Impact Assessment. 

IiI. Containment Guidelines for 

Covered Experiments. 
Analysis of Current Guidelines. 
Alternatives: RAC-Proposed Re- 

visions. j 
Alternatives: Public Commenta- 

tors. 

Proposed Action: Environmental 

Impact Assessment. 

IV. Roles and Responsibilities. 
Analysis of Current Guidelines. 
Alternatives: RAC-Proposed Re- 

visions. 

Alternatives: Public Commenta- 
tors. 
Proposed Action: Environmental 

Impact Assessment. 


Appendices 


A. Comparison of Containment Levels. 

B. Classification of NIH-Funded Ex- 
periments as of December 1977. 

C. Comments and Responses on the 
EIS, from the DAC Meeting of De- 
cember 15-16, 1977. 

D. Discussion of the “List of Exchang- 
ers” Constituting Appendix A to the 
Guidelines. 

E. Report of U.S.-EMBO Workshop to 
Assess Risks for Recombinant DNA 
Experiments Involving the Genomes 
of Animal, Plant, and Insect Viruses. 

F. Report of the Virus Working Group 
Sponsored by the Recombinant DNA 
Advisory Committee. 

G. Report of the Recombinant DNA 
Advisory Committee Workshop on 
Risk Assessment of Agricultural 
Pathogens. 


FOREWORD 


In June 1976 the National Institutes 
of Health, with the concurrence of the 
Secretary of Health, Education, and 
Welfare and the Assistant Secretary 
for Health, issued guidelines to govern 
the conduct of NIH-supported re- 
search involving recombinant DNA 
molecules. These guidelines stated 
that they would be “subjected.to peri- 
odic review (at least annually) and 
modified to reflect improvements in 
our knowledge of the potential bioha- 
zards and of the available safeguards.” 
Since that time, a number of scientific, 
administrative, and legislative events 
have occurred that should be summa- 
rized at the outset, for they are re- 
flected in the revisions of the NIH 
guidelines as proposed, first by the Re- 
combinant Advisory Committee and 
currently by the Director, NIH. 

Recombinant DNA _ experiments 
have proceeded in hundreds of labora- 
tories throughout the world. The sub- 
ject has been discussed and debated in 
eountless meetings, and the public has 
been consulted as well as the scientific 
community. NIH has taken into ac- 
count public comments in preparing 
the original guidelines, an environ- 
mental impact statement (EIS), and 
the proposed Director’s revision. 

One of the most important recent 
developments has been the careful 
scrutiny, from a very broad point of 
view, of the premises upon which the 
original guidelines were based. Thus, 
the molecular biologists, who first 
raised questions about the safety of re- 
combinant research, have now had 
greater opportunity to consider their 
concerns in the company of many ex- 
perts on infectious disease, epidemio- 
logy, viruses, plants, laboratory safety 
practices, ecology, and other relevant 
disciplines. 

From all of these activities have 
emerged certain important facts. For 
one, no evidence has come to light 
that any of the thousands of individu- 
al recombinant DNA clones construct- 
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ed over the last 5 years have yielded a 
product harmful to man or the envi- 
ronment. On the other hand, many ex- 
amples of useful knowledge obtained 
through such techniques continue to 
accumulate rapidly. 


Scientific developments 


No scientific evidence not considered 
in the promulgation of the guidelines 
has emerged to support the fears that 
the use of these techniques will create 
a harmful product. On the contrary, 
scientific information has been devel- 
oped over the past 2 years that lessens 
concern over the possible environmen- 
tal hazard. Dr. Roy Curtiss, professor 
of microbiology at the University of 
Alabama School of Medicine in Bir- 
mingham, and others have demon- 
strated that biological containment 
measures—methods developed to 
weaken bacteria used in the experi- 
ments—do prevent these bacteria from 
surviving in a natural environment, 
and would do so if they escaped from 
the laboratory. 

While the probability of doing harm 
with laboratory recombination of 
genes has not been, and never will be, 
reduced to zero, we have reached a 
point where the burden of proof is 
shifting toward those who would re- 
strict such activities. The careful in- 
terpretation of evidence obtained 
before and after June 1976 has re- 
duced to inconsequential levels the 
probabilities that E. coli K-12, the 
host most used in recombinant DNA 
experiments, can be converted to an 
epidemic pathogen. Much of the rele- 
vant data and their discussion by ex- 
perts are now available in the pub- 
lished proceedings of an NIH-spon- 
sored meeting in Falmouth, Mass., on 
June 20-21, 1977 (Journal of Infec- 
tious Diseases, May 1978). 

The Falmouth conference brought 
out evidence that the risk of trans- 
forming £. coli K-12 into a pathogen 
is minimal, either for laboratory per- 
sonnel or the public at large. Dr. Sher- 
wood Gorbach, chairman of the con- 
ference, has reported that there was 
scientific consensus on this matter 
among all in attendance, including mi- 
crobiologists who work with disease- 
producing bacteria. 

Much of the concern expressed 
about recombinant DNA experiments 
relates to the creation of novel organ- 
isms in the laboratory. Additional evi- 
dence, however, suggests that the re- 
combinations of DNA produced in the 
laboratory may be very similar to 
many that occur in nature. If further 
work confirms and extends this evi- 
dence, then the concern about creat- 
ing novel forms of life will be put into 
a new perspective. 


Administrative developments 
Implementation of the NIH guidelines 


NOTICES 


The current NIH guidelines provide 
not only explicit instructions about 
the conduct of experiments, but also 
an administrative framework for their 
implementation. They set out the re- 
spective responsibilties of the princi- 
pal investigator, the institution where 
the work is conducted (including the 
institutional biohazard committee), 
the NIH Recombinant DNA Advisory 
Committee (or simply “Recombinant 
Advisory Committee” or “RAC,” the 
technical body responsible for propos- 
ing the guidelines), and the NIH staff. 

The NIH Office of Recombinant 
DNA Activities (ORDA) was estab- 
lished to coordinate the administra- 
tion of NIH policies and procedures 
for safe utilization of recombinant 
DNA technology in research. Dr. Wil- 
liam Gartland is Director of ORDA. 
Over the 2 years the implementation 
of the guidelines by participants in 
this research has proceeded well. Ap- 
proximately 130 institutions where 
NIH-supported research is taking 
place have established institutional 
biohazard committees, and approxi- 
mately 350 projects are involved. 

Over the past 2 years administrative 
practices have evolved to deal with re- 
quirements of the guidelines. One of 
the requirements is a means for inter- 
pretation. The standards in the guide- 
lines are very explicit about the con- 
duct of permissible experiments. Still, 
questions of interpretation continue to 
arise and must be dealt with. Our de- 
termination to assure that the experi- 
ments comport with the standards of 
the guidelines has necessitated a 
number of administrative delays in 
acting on research protocols. 

Another area of difficult administra- 
tion has been certification of new 
host-vector systems. These represent 
microorganisms weakened by various 
methods to prevent their survival were 
they to escape from their specially 
contained environment in the labora- 
tory. Under the current guidelines, the 
Recombinant Advisory Committee 
must review all applications for new 
host-vector systems and recommend 
for certification those that meet the 
relevant criteria. 

Undoubtedly the presence of the 
guidelines and their implementation 
have caused some experiments to be 
postponed and some scientific work to 
be delayed. At the same time, NIH, 
having embarked upon this conserva- 
tive course, believes it must guarantee 
the integrity of the administrative 
safeguards and see that due process is 
observed in implementation. 


Policy issues 


Three key policy issues concerning 
recombinant DNA research have domi- 
nated NIH attention during the ad- 
ministration of the NIH Guidelines. 
They are the determination of the en- 
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vironmental impact, if any, of the NIH 
Guidelines and the research conducted 
thereunder; the patenting of recom- 
binant DNA research inventions devel- 
oped under Federal support; and the 
extension of the NIH Guidelines na- 
tionally through existing regulation or 
new legislation. Discussions of these 
policy issues follow: 

National Environmental Policy Act 
(NEPA). In accordance with the Na- 
tional Environmental Policy Act of 
1969 (NEPA), NIH undertook an envi- 
ronmental impact assessment of envi- 
ronmental effects, if any, of the origi- 
nal NIH Guidelines. A draft environ- 
mental impact statement was pub- 
lished in the FEDERAL REGISTER in Sep- 
tember 1976 for public review and 
comments. On the basis of the com- 
ments received, NIH published a final 
EIS in October 1977. 

During the development of the EIS, 
two suits under NEPA were brought 
against the Department. One suit, in 
the Federal District Court in New 
York, alleged that NIH failed to 
comply with NEPA by not completing 
an EIS before supporting recombinant 
DNA research and before releasing the 
original guidelines. The Government 
has answered the allegations, and the 
case is pending in New York. 

The second suit filed in the Federal 
District Court in Washington, D.C., by 
a resident of Frederick, Md., sought an 
injunction to prevent NIH from con- 
ducting a risk-assessment experiment 
at the Frederick Cancer Research 
Center without first filing an environ- 
mental impact statement. On Febru- 
ary 23, 1978, a decision was rendered 
by the U.S. District Court against the 
issuance of an injunction, and this de- 
cision was affirmed by the U.S. Court 
of Appeals on March 8, 1978. It was 
the decision of the court that recom- 
binant DNA research was beneficial, 
that the experiment under question 
was important, and that it posed no 
substantial risk. The court went on to . 
state that “the Recombinant DNA Re- ° 
search Guidelines represent an effort 
by many scientists to evaluate the haz- 
ards and provide safe methods for ; 
their control. The record reflects that | 
NIH has carefully considered the po- 
tential risks of this experiment under 
the guidelines and has taken the nec- 
essary precautions * * *. The EIS does 
represent a ‘hard look’ by NIH at re- 
combinant DNA research performed 
in accordance with its guidelines. It 
appears that compliance with the NIH 
guidelines will insure that no recom- 
binant DNA molecules will escape 
from the carefully controlled labora- 
tory to the environment.” 

Patent Policy. Shortly before release 
of the NIH Guidelines in June 1976, 
NIH received a letter from Stanford 
University noting that both Stanford 
and the University of California were 
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applying for patent protection for re- 
combinant DNA inventions developed 
by their NIH-supported investigators, 
and asking NIH to review relevant 
DHEW policies. In view of the intense 
public interest in this research gener- 
ally, the two universities felt the need 
for a formal advisory opinion on the 
patenting of such inventions devel- 
oped under NIH grants or contracts. A 
number of other universities indicated 
similar interest in obtaining the offi- 
cial NIH view. 

Prior to making an official pro- 
nouncement of DHEW-NIH policy 
with respect to patenting of recombin- 
ant DNA research inventions, NIH de- 
cided to solicit comments from a broad 
range of individuals and institutions. 
An analysis of the comments received 
was completed in December 1976 and 
was referred to the Federal Inter- 
agency Committee on Re- combinant 
DNA Research. 

When the guidelines were released 
in June 1976, a key public issue was 
their extension to the rest of the 
public and private sectors. Commenta- 
tors whose views were solicited agreed 
that there must be standards to 
govern recombinant DNA research 
and that the NIH Guidelines could 
provide the standards for such re- 
search nationally. They were divided, 
however, on whether to approach that 
goal through the use of patent agree- 
ments. They noted that the implemen- 
tation of the NIH Guidelines through 
licenses granted under patents would 
be awkward at best and only a partial 
solution. 

The Interagency Committee mem- 
bers reviewed the matter in April and 
May of 1977. Most members voiced 
strong support for DHEW policies gov- 
erning Institutional Patent Agree- 
ments (IPA’s), and all except represen- 
tatives of the Department of Justice 
believed that recombinant DNA inven- 
tions should be considered within the 
existing terms of the IPA. The Justice 
Department opinions rested heavily on 
a draft bill originally proposed by Sen- 
ator Kennedy for the regulation of re- 
combinant DNA research activities. 
Specifically, Justice referred to the 
patent sections of this bill that were 
based on the concept of Government 
ownership of recombinant DNA re- 
search inventions. In subsequent ver- 
sions of this bill, however, all refer- 
ences to patents were eliminated. 

On the basis of the review by the 
Interagency Committee and by the As- 
sistant Secretary for Health and the 
General Counsel for DHEW, it was de- 
cided that, at least for the present, re- 
combinant DNA research inventions 
developed under DHEW-NIH support 
should continue to be administered 
within current DHEW patent agree- 
ments with universities. Each agree- 
ment, however, will be amended to 
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permit the institution to grant a li- 
cense under patents secured on any 
such invention only if the licensee pro- 
vides assurance of compliance with the 
physical and biological containment 
standards set forth in the guidelines. 
Thus, the requirements set for NIH 
grantees and contractors will thus be 
hhonored by licensees as well. 

Legislative Developments. The Fed- 
eral Interagency Committee on Re- 
combinant DNA Research recommend- 
ed in March 1977 that legislation be 
passed to extend the standards of the 
NIH Guidelines to all recombinant 
DNA activities in the public and pri- 
vate sectors. On the basis of the rec- 
ommendations, legislation was devel- 
oped under HEW Secretary Joseph A. 
Califano, Jr., and an Administration 
bill was introduced in the Congress. 
The bill was considered in Congres- 
sional hearings; other bills on the sub- 
ject were introduced. After several re- 
drafts by the relevant subcommittees 
during 1977, a Senate bill was reported 
to the Floor and a House bill was re- 
ported to the full Committee. 

The two bills reported out contained 
many elements of the original Admin- 
istration bill. A number of differences 
emerged, however, that would neces- 
sarily involve a greater administrative 
burden and some further delays and 
duplication in handling the highly 
technical matters involved in stand- 
ard-setting and monitoring. 

Pending legislation introduced in 
1978 provides the most promising solu- 
tion yet available for establishing na- 
tional standards for the use of recom- 
binant DNA techniques. The bill H.R. 
11192 was reported by the Committee 
on Interstate and Foreign Commerce 
on March 24, 1978. It is an interim 2- 
year measure that provides for sensi- 
ble regulation and public oversight. It 
was referred to the Committee on Sci- 
ence and Technology, was considered 
by its Subcommittee on Science, Re- 
search and Technology for a period of 
21 days, and was reported from the 
Committee for House action on April 
21. H.R. 11192 reflects new scientific 
information and administrative devel- 
opments since the release of the NIH 
Guidelines in June 1976. The general 
administrative structure of the guide- 
lines and the standards for biological 
and physical containment are en- 
dorsed for purposes of regulation. 
Thus, flexible regulation with national 
standards is the intent of the bill. 


International activities 


During the legislative hearings on 
recombinant DNA research, a number 
of questions were raised concerning in- 
ternational activities in this field. In 
light of this interest, the Federal 
Interagency Committee, at the request 
of representatives from the State De- 
partment, undertook a review of activ- 


ities in other countries. This review 
was the basis for a Committee report 
issued in November 1977 on recombin- 
ant DNA activities throughout the 
world, with recommendations for fos- 
tering common safety standards. Sci- 
entists abroad, as in the United States, 
have played a major role in bringing 
potential hazards of recombinant DNA 
research to the attention of scientists, 
governments, and international orga- 
nizations. 

The issue of recombinant DNA re- 
search has been studied by national 
and international bodies. In many 
cases some form of control has been 


‘ adopted, but nowhere has the research 


been totally banned. The United King- 
dom, Canada, France, the Federal Re- 
public of Germany, and the Soviet 
Union have issued guidelines that 
differ in detail but are similar concep- 
tually to the NIH Guidelines. Other 
countries are generally following the 
NIH or U.K. Guidelines, including 
Denmark, the Netherlands, Israel, 
Sweden, and Switzerland. The Europe- 
an Science Foundation (ESF) has en- 
dorsed the U.K. Guidelines; the Euro- 
pean Molecular Biology Organization 
(EMBO) has endorsed use of either 
the U.K. or the NIH Guidelines; and 
the International Council of Scientific 
Unions (ICSU) and the World Health 
Organization (WHO) have urged na- 
tions to adopt the principles that 
these two sets of guidelines embody. 

As of the summer of 1977, there 
were an estimated 150 research pro- 
jects using recombinant DNA tech- 
niques under way in Europe, 300 in 
the United States, and perhaps 20-25 
altogether in Australia, Japan, and the 
Soviet Union. All appear to be con- 
ducted under some form of safety 
practices and procedures. 

A number of national and interna- 
tional activities foster the monitoring 
of recombinant DNA research for pur- 
poses of safety and health. In the 
United Kingdom, the government’s 
health and safety executive will be re- 
sponsible after October 1978 for insur- 
ing that the standards of the United 
Kingdom Genetic Manipulation Advi- 
sory Group (GMAG) are followed in 
matters relating to safety of employ- 
ees and the general public. The 
GMAG, consisting of representatives 
from the scientific, public, and private 
sectors, reviews recombinant DNA re- 
search projects for conformance to ap- 
propriate safety standards and prac- 
tices. Similar advisory groups have 
also been established in other Europe- 
an countries, and efforts are underway 
to identify appropriate governmental 
bodies to imsure compliance with 
GMAG standards. 


Proposed Revised Guidelines 
The RAC-proposed revisions 
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In December 1975 the Recombinant 
Advisory Committee recommended 
proposed guidelines for review and de- 
cision by the Director, NIH. To assist 
in the review, a special meeting of the 
Advisory Committee to the Director, 
NIH, was convened in February 1976. 
Members of the committee represent- 
ed not only science but such other dis- 
ciplines as law, ethics, and consumer 
affairs. Comments received from com- 
mittee members and a number of 
public. witnesses represented a wide 
range of views. A number of issues 
were referred back to the Recombin- 
ant Advisory Committee for their com- 
ments in April 1976. On the basis of all 
the comments received and the re- 
sponses of the RAC, the NIH guide- 
lines were finalized by the Director, 
NIH, and released in June 1976 along 
with an extensive “Decision docu- 
ment.” 

In 1977 the Recombinant Advisory 
Committee, in accordance with its 
mandate in the original guidelines, 
began the process of proposing revi- 
sions to them. A subcommittee of the 
RAC held open meetings in March and 
April. Following this, the proposed re- 
visions were considered and revised by 
the full committee at open meetings in 
May and June. On September 1, 1977, 
the RAC’s proposed revised guidelines 
were referred to the Director, NIH, for 
consideration and decision. 

These proposed guidelines were pub- 
lished in September for comment in 
the NIH Recombinant DNA Technical 
Bulletin. The bulletin is a new NIH 
publication that links recombinant 
DNA investigators in the United 
States and abroad with the advisory 
groups and organizations active in this 
field. To provide further opportunity 
for public comment, the proposed re- 
vised guidelines were published in the 
_ FEDERAL REGISTER on September 27, 
1977 (42 FR 49596). The revisions pro- 
posed by the RAC are described in 
detail in the following assessment, but 
the key changes can be summarized as 
follows: 

Definition. A new definiticn was pro- 
posed to cover only “novel recombin- 
ant DNA”’”—namely, DNA segments 
from species not known to exchange 
chromosomal DNA by natural physio- 
logical processes. Accordingly, a class 
of recombinant DNA, to be exempt 
from the guidelines, would have to 
appear on a list of ‘“non-novel ex- 
changers.” 

Physical Containment. — revisions 
here incorporated the philosophy and 
guidance of the report by NIH and the 
European Molecular Biology Organi- 
zation (EMBO) on the requirement of 
physical containment. A number of re- 
visions were also made in the organiza- 
tion of this section. 

Biological Containment. This §sec- 
tion. was. expanded from the 1976 
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guidelines to include (1) a new nomen- 
clature—HV1, HV2, and HV3—incorpo- 
rating a variety of host-vector systems 
into the framework initially estab- 
lished for E. coli K-12; (2) a more re- 
strictive set of requirements for HV3 
host-vector systems; and (3) a new sec- 
tion describing mechanisms for certifi- 
cation of host-vector systems. 
Prohibited’ Experiments. A major 
recommendation would allow the Di- 
rector, NIH, to exercise discretion in 
permitting exceptions to the prohibit- 


‘ed experiments, as in studies of risk as- 


sessment. 

Permissible Experiments. On the 
basis of the scientific evidence on the 
safety of E. coli K-12, some categories 
of experiments were classified at lower 
containment levels. Several other cate- 
gories, however, remained the same as 
in the current guidelines. For certain 
categories, discretion was permitted by 
the investigator, and some categories 
of experiments were exempted. 

Implementation. Several changes 
were recommended in the responsibil- 
ities for the local institution. The rec- 
ommendations included requirements 
for training of research personnel, cri- 
teria for determining the need for 
medical procedures, clarification of 
membership on institutional bio- haz- 
ards committees, and the require- 
ments for a biological safety officer 
where work is being done at the P3 
and P4 levels. 


The NIH-proposed revisions 

The proposed revisions by the Re- 
combinant Advisory Committee were 
published in the FEDERAL REGISTER for 
comment on September 27, 1977 (42 
FR 49596), and notice of a public hear- 
ing was published in the FEDERAL REc- 
ISTER On November 22, 1977 (42 FR 
59918). In December the RAC-pro- 
posed revisions were considered by the 
Advisory Committee to the Director, 
NIH (DAC) at a hearing attended by 
scientific experts and public witnesses. 
As at the 1976 hearing of the DAC, 
the membership was augmented to 
assure that the committee’s perspec- 
tives included sufficient expertise and 
opinion on relative scientific, environ- 
mental, ._ occupational, and _ public 
policy issues. In addition, special ar- 
rangements for the meeting included 
inviting 12 witnesses to represent in- 
dustrial research, academic research, 
labor, and environmental groups. A 
number of others requested the oppor- 
tunity to contribute their views and 
testified at the hearing. 

Members of the Recombinant Advi- 
sory Committee attended to explain 
the proposed revisions, and members 
were present from the Federal Inter- 
agency committee on Recombinant 
DNA Research which represents all 
Federal departments and agencies 
that support or conduct such research 
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or have regulatory authority in this 
area. 

Since September 1977, when the pro- 
posed revisions were published in the 
FEDERAL REGISTER, they have been re- 
viewed in light of the many comments 
received from the public and the scien- 
tific community. The public hearing 
provided a forum for all points of view, 
especially from the environmental per- 
spective. On the basis of the analysis 
of the hearing and the correspon- 
dence, the following general points 
emerged: 


@ The recommendations by the Re- 
combinant Advisory Committee were 
generally supported. There was uni- 
versal sentiment for giving the Direc- 
tor, NIH, discretion to exempt certain 
experiments from the provisions of 
the guidelines, especially when this 
would permit knowledge to be gained 
bearing on the provisions themselves. 
There was overwhelming sentiment 
for exempting from the guidelines ex- 
periments involving most “self-clon- 
ing’ systems, as well as pairs of harm- 
less organisms that transfer genes in 
nature. That is, many of the experi- 
ments currently classified at the 
Pl + EK1 level should be exempted 
from the guidelines. And witnesses 
from the scientific community strong- 
ly advocated further consideration of 
revisions involving work with viruses 
and plant pathogens. 

@ On the basis of these suggestions, 
a “Joint United States-EMBO Work- 
shop to Assess Risks for Recombinant 
DNA Experiments Involving the Gen- 
omes of Animal, Plant, and Insect Vir- 
uses” was convened on January 26-28, 
1978, in Ascot, England. The report of 
the workshop (see appendix E) was re- 
viewed by a working group sponsored 
by NIH on April 6-7, and the recom- 
mendations from that group (see ap- 
pendix F) were referred to the Recom- 
binant Advisory Committee. The com- 
mittee, in turn, lent their endorsement 
in recommendations at a meeting held 
at NIH on April 27-29. The anaiysis of 
existing knowledge of viruses by the 
groups of experts indicate that the 
risks of cloning viral DNA in a bacte- 
rium like E. coli is not greater, and is 
usually much less, than the risk of 
handling the parent virus itself. 

@ Further, a meeting of agricultural 
scientists was convemed on March 20- 
21, 1978, under the joint sponsorship 
of the Department of Agriculture, the 
National Science Foundation, and the 
National Institutes of Health. Their 
recommendations were also reviewed 
by the Recombinant Advisory Com- 
mittee at their April meeting. It was 
the conclusion of the agricultural sci- 
entists that cont ent conditions 
for incorporation of DNA from plant 
pathogens into E£. coli K-12 were un- 
justifiably high. 
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@ International scientific represen- 
tatives present at the hearing reported 
on guidelines prevailing in the United 
Kingdom and Western Europe and on 
their interpretation by Genetic Manip- 
ulation Advisory Groups. It was point- 
ed out that some experiments are per- 
mitted in Europe which are not per- 
mitted in America. More importantly, 
it was noted that there is no factual 
basis upon which to defend the great- 
er stringency of the U.S. (NIH) guide- 
lines. 

@ There was special emphasis by 
public commentators on the need for 
procedures at the local and national 
level to insure public participation and 
oversight. The public and scientific 
commentators were especially con- 
cerned that there should be a commit- 
ment at the local and national levels 
to the training of all laboratory per- 
sonnel, and to health surveillance, 
when feasible, to insure occupational 
health and safety. Concern was also 
expressed for local community partici- 
pation to insure that practices in the 
laboratory meet public and environ- 
mental safety requirements. 

e Several representatives from the 
private sector urged that NIH consider 
introducing mechanisms into the pro- 
posed revisions to allow private-sector 
participation through the guidelines. 
They urged that NIH provide for their 
voluntary registration, certification of 
their host-vector systems, and provi- 
sion for the protection of proprietary 
information and patent rights. 

e Strong support came from both 
the scientific community and the 
public for clear enunciation of the 
benefits and potential risks of this re- 
search. In addition, several of the 
public commentators urged that the 
rationale for the classification of per- 
missible experiments be stated more 
clearly. 

e Finally, a number of commenta- 
tors in the scientific community and 
representatives from institutional bio- 
hazards committees advocated more 
flexible implementation of the NIH 
guidelines. Specifically, the locus of re- 
sponsibility for the use of the guide- 
lines must shift further toward the in- 
stititions conducting the . research. 
Present requirements for NIH approv- 
al before an experiment may proceed 
have caused delays unjustified by 
proof that safety has been enhanced. 


All of the issues raised by the com- 
mentators were carefully analyzed. A 
number of possible revisions were de- 
veloped and referred to the Recombin- 
ant Advisory Committee for review. 
The following items were among those 
on the agenda of the Recombinant Ad- 
visory Committee at its April 1978 
meeting: 


NOTICES 


@ To redefine the scope of the 
guidelines, including construction of a 
first list of ‘exempted exchangers”; 

e@ To review selected issues on the 
guidelines raised by the public com- 
mentators; 

@ To review the containment levels 
for experiments with viral DNA or 
viral vectors and with plant pathogens 
or viruses. 


On the basis of the issues raised and 
the response of the Recombinant Ad- 
visory Committee, a decision and envi- 
ronmental impact assessment on pro- 
posed revisions is offered for public 
comment. The assessment that follows 
explains the present guidelines, the 
RAC’s alternatives, the alternatives 
posed by the public and scientific com- 
mentators at the public hearing and in 
correspondence, the RAC’s views on 
the issues raised at the April 1978 
meeting, and the assessment of the re- 


visions as proposed by the Director, 
NIH. 


All living things, from subcellular 
particles to higher organisms, contain 
the specific information needed for 
their reproduction and functions. The 
basic source of this information is 
deoxyribonucleic acid (DNA), which is 
the principal substance of the genes— 
the units of heredity. Genes determine 
the characteristics of the species as 
well as individual traits such as size 
and eye color. 

Each cell of an organism is com- 
posed of various organized structures, 
several of which contain DNA. Figure 
1 illustrates a typical eukaryotic, or 
nucleated, cell. Bacterial cells (prokar- 
yotic) are much less complex, showing 
fewer organelles and no organized nu- 
cleus. 


Figure 1 
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DNA plays to two roles: (1) provides 
information for the reproduction, 
growth, and functions of the cell, and 
(2) preserves and directs replication of 
this information and transfers it to 
the offspring. These two roles of DNA 
are common to animals, plants, single- 
cell organisms, and many viruses. The 
DNA of cells is mainly found in orga- 
nized structures called ‘“chromo- 
somes.” 


‘Intracellular DNA also occurs out- 


Endoplasmic reticuim 
Lysosome 


side of the chromosomes as separately 
replicating molecules. Such DNA mol- 
ecules include the plasmids, found in 
bacteria; the DNA of chloroplasts, 
common to green plants; and the DNA 
of mitochondria, the energy-producing 
units of the cells of complex organ- 
isms. These DNA’s, while not strictly 
part of the inherent genetic make-up 
of a cell, help define the cell’s func- 
tional capability. Another type of 
DNA commonly found in cells is the 
DNA of infecting viruses. 
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During the past 30 years the struc- 
ture of DNA molecules has been stud- 
ied intensively, and it can now be de- 
scribed in much detail. The molecule 
may be compared to a long-twisted 
stepladder with thousands to millions 
of rungs. A short piece of DNA is rep- 
resented in Figure 2. 


Figure 2 


The sides of the ladder are formed 
of sugar molecules (dexoyribose) at- 
tached end to end through phosphate 


groups. At right angles to each sugar. 


molecule is one of four possible 
bases—adenine, guanine, thymine, and 
cytosine. The precise sequence of 
these bases, the rungs of the ladder, 
codes the information content. The 
“reading” of the code contained in the 
sequence of bases results in the forma- 
tion of proteins, which in turn carry 
out most of the essential functions of 
the cell. 

A gene is a portion of the DNA mole- 
cule which codes for the manufacture 
of -a protein. In higher organisms, 
much of the DNA may not serve as 
genes in this sense, but may regulate 
the activity of nearby genes. It is pos- 
sible to break open cells and isolate 
DNA, free of other cellular constitu- 
ents. 


NOTICES 


The formation of “recombinant 
DNA” in the laboratory was made pos- 
sible by a series of discoveries. W. 
Arber and D. Dussoix, in 1962, showed 
that bacteria contain substances called 
restriction enzymes. Serving to defend 
the bacteria against viruses, these en- 
zymes can split foreign DNA molecules 
into specific fragments. R. Yoshimori, 
in H. Boyer’s laboratory, isolated a re- 
striction enzyme that was later found 
to split DNA into fragments whose 
ends stick together when they touch. 
In 1973 S. Cohen and others succeeded 
in combining genes of different species 
and introducing them into bacteria. 
Then they grew the bacteria in cul- 
tures, multiplying the combined char- 
acteristics. 

The capabilities sketched here—to 
split DNA selectively, to recombine it 
by virtue of ‘‘sticky” ends, to reintro- 
duce it into cells, and to cultivate the 
cells—constitute the recombinant 
DNA technique. 

In the recombinant DNA experi- 
ments that are the subject of the NIH 
guidelines, the DNA can be derived 
from widely divergent sources. DNA 
from one of the sources may serve as a 
carrier, or “‘vector,” for the insertion 
of the recombined DNA into a cell, or 
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“host.” The vector may be a plasmid, 
usually derived from the same species 
as the host, or it may be a virus. The 
DNA to be inserted is called the ‘“for- 
eign’”’ DNA. When a large mixture of 
DNA fragments from the foreign 
source is used in the joining, the ex- 
periment is referred to as a “shotgun” 
experiment. In other instances, a par- 
ticular DNA fragment of interest wiil 
be purified and then incorporated in 
the vector. 

From a growth culture of the host 
cells, one containing the interesting 
DNA fragment is selected and allowed 
to multiply. The resulting population 
of identical cells is called a “clone.” In 
some experiments the DNA will be ex- 
tracted from the cells for study; in 
others, the properties of the cells 
themselves will be investigated. 

In the experiments discussed in the 
guidelines, the host cells are generally 
single-cell microorganisms such as bac- 
teria, or animal or plant cells that 
were originally obtained from living 
tissue but are grown as single cells 
under special laboratory conditions. 

The process of producing recombin- 
ant DNA molecules and introducing 
them into cells is illustrated in figure 
3. 


Figure 3 








Host Cell 


The cell represented at the upper 
left contains chromosomal DNA and 
several separately replicating DNA 
molecules. The nonchromosomal DNA 
molecules can be isolated from the cell 
and manipulated to serve as vectors 
(carriers) for DNA from a foreign cell. 
Most DNA molecules used as vectors 
are circular. They can be cleaved, as 


shown, by enzymes (restriction endon- 


_ ucleases) to yield linear molecules 


with rejoinable ends. 

At the upper right is another cell, 
represented here as a rectangle. It 
serves as the source of the foreign 
DNA to be inserted into the vector. 
This DNA can also be cleaved by en- 
zymes. The rectangular cell could be 
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derived from any living species, and 
the foreign DNA might contain chro- 
mosomal or nonchromosomal DNA, or 
both. ; 

In the next steps, the foreign DNA 
fragment is mixed and combined with 
the vector DNA, and the recombinant 
DNA is reinserted into a host cell. In 
most experiments this host cell will be 
of the same species as the source of 
the vector. The recipient cells are then 
placed under conditions where they 
grow and multiply by division. Each 
new cell will contain recombinant 
DNA. 

Recombinant DNA technology rep- 
resents a method that is applicable to 
many areas of biological research. Es- 
sentially, it represents a new tool. In- 
vestigations supported by many NIH 
Institutes and programs utilize this 
technique, much as a new instrument 
is applied in studying many different 
things. Areas of biological research to 
which recombinant DNA experiments 
are underway include the study of bac- 
terial enzymes and metabolism, the 
synthesis of hormones, the reproduc- 
tion of viruses, the organization of 
chromosomes, and the structure and 
regulation of genes. Except for studies 
to improve the technology, NIH spon- 
sors no program on recombinant DNA 
as such; but recombinant DNA tech- 
nology is used, where applicable, as an 
additional tool for increasing under- 
standing of normal and abnormal! bio- 
logical processes. 


RISKS AND BENEFITS OF RECOMBINANT 
DNA RESEARCH 


Research, by definition, is investiga- 
tion of the unknown. The results of re- 
search, whether beneficial, neutral, 
detrimental, or some combination of 
these, cannot be fully predicted ahead 
of time. The following discussions are 
assessments based on present knowl- 
edge and collective technical judg- 
ments. Unexpected benefits and unex- 
pected hazards are possible. 


Possible Hazardous Situations 


The insertion of DNA derived from a 
different species into a cell or virus 
(and thus the progeny thereof) may 
change certain properties of the host. 
The changes may affect adversely or 
beneficially (a) the survival of the re- 
cipient species, (b) other forms of life 
that come in contact with the recipi- 
ent, and (c) aspects of the nonliving 
environment. Current knowledge does 
not permit accurate assessment of 
such effects in contemplation of every 
recombinant DNA experiment. At 
present it is only possible to speculate 
on ways in which the presence of re- 
combinant DNA in a cell or virus could 
bring about these effects. 

It should be noted that there is no 
known instance in which a hazardous 
agent has been created by recombin- 


ant DNA technology. The following 
discussion is speculative and considers 
ways in which hazardous agents might 
be produced. In principle, the analysis 
is applicable to animals, including 
humans, and to plants, when potential 
effects on complex organisms are de- 
scribed. 


The effect of foreign DNA on the sur- 
vival of recipient species (host cell, 
plasmids, or viruses) 


The effect of foreign DNA on the 
survival of receipent species is impor- 
tant to the discussion of possible haz- 
ards of recombinant DNA experi- 
ments. A recipient species may acquire 
a potential for harmful effects as a 
result of the foreign DNA, but the pos- 
sibility of the occurrence of the harm- 
ful effects will depend on the survival 
of the recipient and its ability to mul- 
tiply. If acquisition of foreign DNA in- 
creases the probability of survival and 
multiplication, the possibility of harm- 
ful effects will increase. Similarly, if 
acquisition of foreign DNA decreases 
the probability of survival or multipli- 
cation, the possibility of harmful ef- 
fects will decrease. It is important to 
recognize, in evaluating the potential 
for harmful effects, that significant 
infections of animals and plants by 
bacteria or viruses may require con- 
tact with a critical number of the in- 
fectious agents, quantities that may be 
large or small depending on the agent 
and the recipient. 

There are various indications that 
both host bacteria and plasmid or 
virus vectors containing inserted for- 
eign DNA are less likely to survive and 
multiply than are the original organ- 
isms, except for the very unusual in- 
stances where the foreign DNA sup- 
plies some function, such as antibiotic 
resistance, that favors the organism in 
a particular, non-natural environment. 
(1) Natural selection results in the sur- 
vival of only well-balanced and effi- 
cient organisms; unneeded genetic ma- 


terial tends to be lost. Essential func- 


tions are carefully controlled and are 
switched on and off as needed. 

The activity of a particular gene 
product depends upon, and in turn in- 
fluences, many other functions of a 
cell. Such uncontrolled, non-essential 
properties as might be introduced by 
foreign genes would probably not 
result in any advantage to the survival 
and multiplication of an otherwise 
well-balanced organism. Rather, the 
new properties might be expected to 
confer some relative disability. It is 
unlikely that elimination of a gene 
product by insertion of a foreign DNA 
sequence would be advantageous. 
More likely than not, any new proper- 
ties derived from insertion of foreign 
DNA would confer some relative dis- 
ability on the recipient organism. 
Therefore, it is probable that bacterial 


cells, plasmids, or viruses containing 
inserted foreign DNA would multiply 
more slowly in nature than the same 
cells or vectors without foreign DNA; 
and in a natural competitive environ- 
ment, those organisms containing re- 
combinant DNA would generally be 
expected to disappear. For bacterial 
hosts, the rate of disappearance would 
depend on the relative rate of growth 
compared to other, competing bacte- 
ria. The following calculation demon- 
strates this point. 


Assume that a new organism constitutes 
90 percent of a population, but grows 10 
percent less rapidly than its natural coun- 
terpart. The new organism will drop from a 
concentration of 90 percent to a concentra- 
tion of 0.0001 percent (1 part in 1,000,000) in 
207 generations. If the generation time of 
the natural organism is 1 hour, this 
amounts to about 8% days. 


Although unlikely, there is a chance 
that a bacterial host of recombinant 
DNA will grow more rapidly than if it 
were lacking the foreign DNA, espe- 
cially if the cells encounter new envi- 
ronments. (The calculation given 
above can be applied here also.) A rele- 
vant example of such a situation can 
be found in the rapid and widespread 
increase in the resistance of bacteria 
to clinically important antibiotics 
during the last 20 years. It is well 
known that such resistance is geneti- 
cally determined, and genes specifying 
resistance have been described. (2) 

The ability of recipient bacterial 
host cells to survive and multiply 
might also be enhanced by acquisition 
and expression of a foreign gene con- 
ferring the ability to metabolize par- 
ticular nutrients. In an environmental 
niche containing the nutrient, such a 
recombinant might compete success- 
fully against organisms native to the 
niche. Thus an important nutrient 
there might be destroyed. Also, if the 
native organisms were performing 
beneficial functions, those functions 
could be lost upon the successful es- 
tablishment of the recombinant in the 
niche. 

These examples serve to illustrate 
some of the complexities involved in 
determining whether the insertion of 
a given fragment of foreign DNA will 
be advantageous or disadvantageous to 
the recipient organism: The nature of 
the inserted genes, the nature of the 
environment, and the relation between 
the two must be considered. However, 
this analysis is necessarily simplistic. 
In the absence of the highly specific 
relationships that are, for example, 
apparent in the case of antibiotic resis- 
tance, very little is understood about 
how the totality of the genetic make- 
up of a given organism or species con- 
tributes to its competitive advantage 
even in a defined ecological niche. 
Modern evolutionary theory does not 
provide useful frameworks for analy- 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





sis. There are in fact current major 
controversies concerning the role of 
natural mutations in evolution, and 
the same questions are relevant to the 
issues raised by recombinant DNA re- 
search. . 


Because potentially useful vectors 


such as plasmids and viruses may be 
transferred from the initial recipient 
host cell to other cells, independent of 
the growth and survival of the host, it 
is also necessary to consider survival of 
the vectors. Plasmids and viruses occur 
widely in nature. Any particular plas- 
mid or virus will normally multiply 
only within a limited number of spe- 
cies. Thus, for example, viruses that 
infect particular bacteria neither mul- 
tiply nor cause disease in the cells of 
other bacterial species or complex or- 
ganisms. In many instances, they do 
not even enter the cells of any organ- 
ism other than the particular natural 
host. 

Only limited information concerning 
the effect of foreign DNA insertions 


on the survival or transferability of 


plasmid and viral vectors is available. 
In the case of plasmids, the factors 
contributing to their maintenance or 
loss from cells in natural environ- 
ments, even without insertion of a for- 
eign DNA, are not clearly understood. 
(2) One exception is the selective ad- 
vantage for maintenance provided by 
an .antibiotic-resistance gene on the 
plasmid. 

Also, some plasmids are known to 
confer on host cells the ability to man- 
ufacture substances poisonous to 
closely related cells, thus giving the 
poison-producers special advantage in 
a competitive situation. Insertion of a 
foreign DNA fragment into the DNA 
sequence coding for the. poison has 
been shown to eliminate production of 
the poison, (3) decreasing the likeli- 
hood that the cells and their resident 
recombinant DNA will survive in 
nature. 

Experiments carried out during the 
last few years have yielded only mini- 
mal information on the stability of 
plasmids containing foreign DNA in 
host cells, or on the stability of the 
foreign fragment itself. For experi- 
mental purposes, cells containing re- 
combined plasmids are _ generally 
grown under conditions especially de- 
signed to increase the stability of the 
plasmid (called “‘selective’’ conditions.) 
For consideration of the loss of the 
plasmids in natural environments—the 
important point for matters of 
safety—the stability of the plasmid or 
recombined DNA under ordinary, or 
nonselective, conditions needs to be 
known. A review of a limited number 
of unpublished observations indicates 
that generalizations as to the rate of 
loss of the recombined plasmid rela- 
tive to the original are impossible. 


NOTICES 


The ability of a plasmid to be trans- 
ferred from the original laboratory 
host to another cell and thereby per- 
petuate itself is also important. In 
short, certain plasmids are incapable 
of being transferred except under par- 
ticular and inferquent conditions. 
Others transfer more readily. Since 
the ability to be transferred depends 
on multiple fectors, (2) it is not likely 
to be increased by insertions of a 
single foreign DNA fragment. Other 
than this, no generalization concern- 
ing the effect of a foreign DNA frag- 
ment on transferability can be made. 


The effect of bacteria and veruses con- 
taining recombined DNA on other 
forms of life 


The analysis leading to the guide- 
lines centered on the possiblility of 
deleterious effects, since the concern 
was the health and safety of living or- 
ganisms, including humans, and the 
environment. Agents constructed by 
recombinant DNA technology could 
prove hazardous to other forms of life 
by becoming pathogenic (disease-pro- 
ducing) or toxigenic (toxin-producing), 
or by becoming more pathogenic or 
toxigenic than the original agent. 

There are two basic mechanisms by 
which a _ recipient micro-organism 
might be altered with regard to its 
pathogenicity or toxicity. as a result of 
a resident recombinant: 

(1) The recombinant DNA may result 
in formation of a protein that has un- 
desirable effects. The case in which 
bacterial cells are used as carriers of 
foreign DNA is discussed first. A for- 
eign protein, specified by the foreign 
DNA, might act after being liberated 
from the micro-organism, or it could 
function within the micro-organism 
and alter, secondarily, normal micro- 
bial cell function in such a way that 
the cell is rendered harmful to other 
living things. Either means depends on 
the expression of the foreign genes; 
that is, the information in the foreign 
genes must be used by the recipient 
bacterium to produce a foreign pro- 
tein. Examples of proteins that might 
prove harmful to other organisms are 
hormones, enzymes, and toxins. 

Present evidence suggests that for- 
eign DNA from bacteria of one species, 
when inserted into bacteria of another 
species, may be expressed in the re- 
cipient, depending on the similarities 
of the protein synthesis mechanisms 
in the two organisms. (4) For example, 
if the donor of the foreign DNA pro- 
duces a toxic substance, than the re- 
cipient cell may produce such a sub- 
stance, provided the gene for the toxic 
substance is present in the recombin- 
ant. The recipient may or may not be 
more hazardous than the original 
donor organism, depending on the rel- 
ative ability of the two organisms to 
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grow and infect an animal or plant 
species at risk. 

Expression of foreign genes from 
complex organisms (yeast, fruit flies) 
in cloned bacteria has recently been 
demonstrated experimentally. (5) In 
other experiments, insertion of a syn- 
thetic gene into £. coli led to the pro- 
duction of somatostatin, a hormone 
found in the mammalian brain. (6) 

Analogous issues must be considered 
for the case in which animal viruses 
are the carriers of foreign DNA. Inad- 
vertent dispersal of such viruses out- 
side the laboratory might result in 
entry of the recombinant DNA into 
cells of living organisms. The foreign 
genes might be expressed, resulting in 
the uncontrolled synthesis of a normal 
protein or the formation of a protein 
foreign to the infected cell.,Currently, 
few relevent experimental data are 
available. (3) 

(2) The recombined DNA may itself 
cause pathogenic or toxic effects. As 
discussed above, foreign DNA inserted 
in a bacterial gene might so alter the 
microbial cell’s properties that it be- 
comes harmful to other organisms. It 
is also necessary to consider situations 
in which DNA molecules themselves 
may escape from the laboratory or 
from the experimental host cell an 
enter cells of living organisms with 
which they come in contact. Free DNA 
molecules are themselves relatively 
fragile, and the probability that they 
would survive, in a significant form or 
for a significant time, in air, water, or 
any medium, is considered remote. 
DNA that is protected in any of a vari- 
ety of ways within cells and viruses 
might be released either into, or close 
to, a living cell. 

When a cell or virus dies, or comes 
close to or invades the tissue of an- 
other living organism, the recombin- 
ant DNA may effectively enter a new 
cell. A hazardous situation similar to 
that described above might ensue if 
foreign proteins were manufactured in 
this “secondary” recipient. The recom- 
binant DNA might survive as an inde- 
pendent cellular component, or it 
could recombine by natural process 
with the DNA of the secondary recipi- 
ent. Various possible deleterious conse- 
quences of such a recombination may 
be considered. 

If the secondary recipient is another 
micro-organism, the considerations de- 
scribed earlier apply. If the secondary 
recipient is one of the cells of an 
animal or plant, the possible effects 
are different. They include alterations 
of normal cellular control mecha- 
nisms, synthesis of a foreign protein 
(such as a hormone), and insertion of 
genes involved in cancer production 
(if, for example, the foreign DNA were 
derived from a _ cancer-producing 
virus). 
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It should be pointed out that the 
likelihood of such a mechanism caus- 
ing inheritable changes in the offspr- 
ing of complex organisms is extremely 
low because of the protection afforded 
germ-line cells (eggs and sperm) by 
their location. Thus, it is highly im- 
probable or perhaps impossible for re- 
combined foreign DNA to reach germ- 
line cells at a time in their life when 
secondary recombination can occur. 
With one-celled organisms, plants, or 
simple multicellular organisms, the 
probability of heritable change result- 
ing from secondary recombination is 
higher. 

What is the probability of secondary 
recombination between prokaryotes 
and eukaryotes in nature? It is gener- 
ally held that the recombination in 


nature is more likely if similar or iden- . 


tical sequences of bases (rungs in the 
DNA ladder) occur in the two recom- 
bining DNA’s.(7) The greater the 
degree of similar sequences, the more 
likely is recombination. In general, the 
more closely two species are related, 
the more likely it is that similar. se- 
quences will be found in their DNA’s. 
Thus, DNA from primates has more 
DNA sequences in common with 
human DNA than does DNA from 
mice, or fish, or plants. Recombination 
may also occur between DNA’s not 
sharing sequences, but at lower fre- 
quencies. 

It is possible that the capacity for in- 
terspecies recombination between dis- 
tantly related species exists in nature. 
For example, bacteria in animal intes- 
tines are constantly exposed to frag- 
ments of animal DNA released from 
dead intestinal cells. Significant re- 
combination, however, would require 
the uptake of intact segments of 
animal DNA and their subsequent in- 
corporation into the bacterial DNA. 
Such uptake and incorporation has 
been demonstrated experimentally. 
The frequency of such events in 
nature is unknown. 

Similarly, there are very few data 
permitting assessment of the reverse 
process; namely, the incorporation of 
bacterial DNA into the cells, or DNA, 
of more complex organisms. Although 
there are reports of experiments in 
which bacterial DNA was inserted into 
animal and plant species and produc- 
tion of the bacterial protein followed, 
the process is very inefficient and 
many investigators have been unable 
to repeat these experiments.( 8-10) 

There are certain well-documented 
instances in which the DNA’s of dif- 
ferent living things become more or 
less permanently recombined in 
nature. These instances involve recom- 
bination between the DNA’s of nonch- 
romosomal genes, such as those of vir- 
uses or plasmids, or between the 
DNA’s of viruses or plasmids and chro- 
mosomal genes. The former instance, 
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for example, is the mechanism behind 
the rapid spread of resistance to anti- 
biotics among different bacterial spe- 
cies.(2, 11) This spread accompanied 
the prevalent use of antibiotics in 
medicine and agriculture. Another ex- 
ample is the insertion of DNA from 
the bacterium Agrobacterium tumefa- 
ciens into plant cells.(13) 


Expected Benefits of Recombinant 
DNA Research 


Benefits may be divided into two 
broad categories: an increased under- 
standing of basic biological processes, 
and practical applications for medi- 
cine, agriculture, and industry. 

At this time, most of the practical 
applications are speculative. It is im- 
portant to stress that the most signifi- 
cant results of this work, as with any 
truly innovative endeavor, are likely to 
arise in unexpected ways and will 
almost certainly not follow a predict- 
able path. 


Increased understanding of basic bio- 
logical processes 


There are many important funda- 
mental biomedical questions that can 
be answered or approached by DNA 
recombinant research. In order to ad- 
vance against inheritable diseases, we 
need to understand the structure of 
genes and how they work. The DNA 
recombinant methodology provides a 
simple and inexpensive way to prepare 
large quantities of specific genetic in- 
formation in pure form. This should 
permit elucidation of.the organization 
and function of the genetic informa- 
tion in higher organisms. For example, 
current estimates of the fraction of 
this information that codes for pro- 
teins are simply educated guesses. 
There are almost no clues about the 
function of the portions of DNA that 
do not code for proteins, although 
these DNA sequences are suspected of 
being involved in the regulation of 
gene expression. 

The existing state of ignorance is 
largely attributable to our previous in- 
ability to isdlate discrete segments of 
the DNA in a form that permits de- 
tailed molecular analysis. Recombin- 
ant DNA methodology removes this 
barrier. Furthermore, ancillary tech- 
niques have been developed whereby 
pure DNA segments that contain par- 
ticular sequences of interest can be 
identified and selected. Of particular 
interest is the isolation of pure DNA 
segments that contain the genes for 
the variable and constant portions of 
the immunoglobin proteins. The anal- 
yses of such segments obtained from 
both germ-line and somatic cells 
should be of inestimable value in de- 
termining the mechanism of immuno- 
logic diversity. 

A major problem in understanding 
the mechanism by which certain vir- 


uses cause cancer is how and where 
the infecting or endogenous viral gen- 
omes are integrated into the cell’s 
chromosome.(12) This bears on the 
question of how the integrated viral 
genes affect cellular regulation, thus 
leading to the abnormal growth char- 
acteristics of cancer cells. With the re- 
combinant DNA techniques for isola- 
tion and purification of specific genes, 
this research problem is reduced to 
manageable proportions. It is possible 
to isolate the desired DNA segment in 
pure form. Large quantities can be ob- 
tained for detailed study by simply ex- 
tracting a culture of the bacteria car- 
rying the viral DNA segment in a plas- 
mid. 


Important recent achievements in re- 
combinant DNA research 


It was anticipated (see EIS of Octo- 
ber 1977) that the ability to excise, iso- 
late, and amplify specific segments of 
DNA from higher organisms would 
provide an unprecedented opportunity 
to study the structure of eukaryotic 
genomes and to correlate the results 
with concepts of how they evolved and 
are regulated. Recent work has yielded 
much more. Indeed, some of the geno- 
mic structures discovered through use 
of recombinant DNA techniques have 
occasioned a substantial reassessment 
of several major paradigms of molecu- 
lar biology. 

Many of the initial studies using re- 
combinant DNA techniques focused on 
DNA sequences that are repeated in 
the genomes of eukaryotes. In some 
instances, these repeated sequences 
specify an RNA product, such as ribo- 
somal RNA, or fulfill a function as yet 
unknown—for example, the sequences 
called “satellite’’ DNA. The organiza- 
tion of such sequences is being exam- 
ined extensively with recombinant 
DNA techniques(14-20). 

The genes that specify ribosomal 
RNA are repeated in the eukaryotic 
genome several hundredfold. It has 
been known for some years that in a 
variety of species, such as the frog 
Xenopus laevis, these genes are ar- 
ranged as a series of tandem repeats. 
Each set of ribosomal genes is separat- 
ed from its neighbors by regions of 
DNA, of varying length, that are not 
transcribed. Cloning of several of 
these nontranscribed, or ‘‘spacer,” re- 
gions has allowed analysis of the 
manner in which they are related to 
one another(21, 22) and proposals of 
evolutionary mechanisms by which 
they may have arisen. 

Moreover, the availability of these 
cloned DNA sequences has made it 
possible(23) to localize the DNA site at 
which the transcription of the riboso- 
mal genes is initiated. The exact DNA 
sequence at this site is being deter- 
mined. Such information will further 
the understanding of the mechanisms 
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that regulate gene expression and the 
construction of new host/vector clon- 
ing systems. 

Many of the basic concepts of molec- 
ular biology have had to be based 
upon work on prokaryotes. These con- 
cepts have influenced the interpreta- 
tion of data on the structure and pos- 
sible mode of functioning of the eu- 
karyotic genome. Recombinant DNA 
technology, however, has allowed the 
structure of the genomes of higher or- 
ganisms to be examined in a manner 
previously restricted to studies on bac- 
teria. Some of the results have upset 
earlier assumptions. For example, the 
cloning of eukaryotic DNA sequences 
that specify the proteins 8 globin,(24, 
25, 30, 34) ovalbumin,(26, 27, 28, 32, 33) 
and immunoglobulin(29, 31) has dem- 
onstrated that certain basic facts of 
DNA organization in prokaryotes are 
not applicable to eukaryotes. The 
major new finding of “intervening” se- 
quences in these higher forms (dis- 
cussed in footnote 13 to the “‘Introduc- 
tion and Overview” of the accompany- 
ing decision document) may provide 
an explanation for the cause of the 
hereditary disorder, 8* thalassemia. It 
also demands a reconsideration of the 
basic mechanisms of differentiation 
and evolution. 

The work on immunoglobulin(29, 31) 
has shown that the DNA sequences 
that encode two different regions of 
an immunoglobulin polypeptide are 
widely separated in germ-line cells. 
During differentiation, these DNA se- 
quences move closer together but do 
not become contiguous. Detailed ex- 
amination of DNA fragments has re- 
solved one of the fundamental and 
longstanding puzzles of immunology. 
Very recent data indicate that the in- 
tervening sequences found in the gene 
for ovalbumin differ from individual 
to individual(32, 33), indicating that 
genetic variability may occur within a 
species to an extent not previously 
imagined. 


Practical implications 


The possibility that recombinant 
DNA techniques could be used to alter 
the properties of recipient organisms, 
or to produce desired substances, such 
as peptide hormones, rests largely 
upon two factors: (1) the fidelity of 
the cloning procedures and (2) the 
ability to obtain expression of the 
cloned DNA sequence. It has been 
demonstrated that cloning does pro- 
vide faithful copies of the original se- 
quence.(34) More recently, experi- 
ments in which cloned fragments of 
yeast DNA were introduced into E. 
coli have provided further evidence 
that fidelity is maintained and that 
expression of cloned sequences can be 
achieved. All the bacterial strains used 
contained genetic lesions that ren- 
dered them incapable of synthesizing 
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a particular amino acid. However, the 
yeast DNA sequences were capable of 
correcting these deficiencies(35) and 
were shown to specify the synthesis of 
a yeast protein that substituted suc- 
cessfully for its defective bacterial 
counterpart. 

There have been several accomplish- 
ments during the last year and a half 
that may be expected to yield both 
economic and medical benefits in the 
near future. Work has begun on the 
cloning of the nitrogen fixation genes 
of the bacterium Klebsiella pneumon- 
iae.(36) The introduction of these 
genes into appropriate plant or bacte- 
rial hosts may drastically. reduce the 
requirement for nitrogenous fertiliz- 
ers. Such fertilizers, currently con- 
sumed at the rate of 40 million tons 
per year, are synthesized by processes 
involving large energy costs. 

An area that has proved to be ex- 
tremely productive has been the clon- 
ing of DNA sequences specifying pep- 
tide hormones. During 1977 there were 
succeses in the cloning of genes for 
the following hormones: 

Insulin.(37) 

Somatostatin,(6) a hormone that in- 
hibits the secretion of glucagon,_insu- 
lin, and growth hormone; potentially 
useful in the treatment of acromegaly, 
acute pancreatitis, and insulin-depend- 
ent diabetes. 

Growth hormone,(38) used in the 
treatment of dwarfism; in short supply 
throughout the world. 

Somatomammotropin,(39) a_ hor- 
mone secreted by the placenta; ap- 
pears to act on maternal metabolism 
to insure that the fetus obtains nutri- 
ents required for normal growth. 

The cloning of the somatostatin 
gene is particularly noteworthy, since 
the gene was synthesized chemically, 
thus avoiding any risk of inadvertant 
cloning of contaiminating sequences, 
and was then inserted into a specially 
constructed plasmid vector. The in- 
serted DNA sequence was expressed 
and an inactive precursor of somatos- 
tatin was synthesized and isolated. 
From this, active somatostatin was 
subsequently liberated. Because the 
polypeptide precursor synthesized 
within the E. coli K-12 host is inac- 
tive, the procedure also decreases mar- 
kedly and likelihood that the host cell 
itself could be hazardous. This same 
strategy may be used in the cloning of 
any of the small peptide hormones. 
Long-range implications 

The experimental situations treated 
in the guidelines are those that appear 
feasible either currently or in the near 
future. The experiments primarily in- 
volve insertion of recombined DNA 


into bacteria or into single cells de- 


rived from more complex organisms 
and maintained under special labora- 
tory conditions. It is only in the case 
of plants that the guidelines cover ex- 
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periments involving insertion of DNA 
into cells capable of developing into 
complex, multicellular organisms. The 
guidelines and the discussions leading 
to their development have focused on 
problems of safety. 

It is possible that techniques similar 
to or derived from current recombin- 
ant DNA methodology may, in the 
future, be applicable to the deliberate 
modification of complex animals, in- 
cluding humans. Such modification 
might serve to correct an inherited 
defect in an individual, or to alter 
heritable characteristics in the offspr- 
ing of individuals or a given species. 
The latter type of alteration has been 
successfully achieved in agriculture 
for centuries by classical breeding 
techniques. It may be that recombin- 
ant DNA methods, should they devel- 
op in appropriate ways, will offer new 
opportunities for specificity and accu- 
racy in. animal breeding. It should be 
noted, however, that the techniques 
covered by the NIH guidelines involve 
the recombining of DNA fragments in 
the test tube, and the guidelines pro- 
hibit the deliberate release into the 
environment of any organism contain- 
ing recombinant DNA molecules. 

Should the deliberate application of 
such methods for the correction of in- 
dividuals genetic defects or the alter- 
ation of heritable characteristics in 
man ever become possible, it will raise 
complex and difficult problems. In ad- 
dition to philosophical, moral, and 
ethical questions of concern to individ- 
uals, serious societal issues will be in- 
volved. Broad discussion of these prob- 
lems in a variety of forums will then 
be required to inform both private and 
public decisionmaking. 


Possible Deliberate Misuse 


In the event that recombinant DNA 
technology can yield hazardous 
agents, such agents might be consid- 
ered for deliberate perpetration of 
harm to animals (including humans), 
plants or the environment. The possi- 
bilities include biological warfare or 
sabotage. Because it is not known 
whether recombinant DNA technology 
can yield such agents, discussion of 
these problems, such as theft by sabo- 
teurs, is hypothetical and difficult. 
With regard to biological warfare, the 
use of recombinant DNA for such pur 
poses is prohibited by the Biological 
Weapons Convention. In a statement 
to the Conference of the Committee of 
Disarmament, on August 17, 1976, Am- 
bassador Joseph Martin, Jr., made the 
following remarks on the subject: 


When advances in science and technology 
are made, it is natural to ask about their 
possibile use for hostile purposes and wheth- 
er or not such uses are.prohibited or re 
stricted by existing international agree 
ments. In the case of potential use of recom 
binant DNA molecules for weapons pur 
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poses, it is our view that such use clearly 
falls within the scope of the Convention’s 
prohibition. 

This interpretation is based upon the ne- 
gotiating history as well as the explicit lan- 
guage of the Convention, and we believe 
that it is shared by the other signatories. I 
do not believe it is possible to read the Bio- 
logical Weapons Convention and come to 
any other conclusion. According to the Pre- 
amble, the States Parties are “determined, 
for the sake of all mankind, to exclude com- 
pletely the possibility of bacteriological 
(biological) agents and toxins being used as 
weapons.” The intent of Article I, which 
begins, “Each State Party to this Conven- 
tion undertakes never in any circumstances 
* * *” is equally forceful and clear. To take 
a more restricted view would rob the Con- 
vention of much of its value and could even 
lead to States to call into question its scope 
and continued viability. These were the 
views of the United States when the Con- 
vention was negotiated and ratified. They 
are still its views today. This is a matter of 
great importance to my Government and 
one on which doubt cannot be permitted to 
exist. 


It is noteworthy that, prior to his 
statement, Dr. David Baltimore had 
requested an opinion from James L. 
Malone, General Counsel of the 
United States Arms Control and Disar- 
mament Agency, on whether the Bio- 
logical Weapons Convention prohibits 
production of recombinant DNA mole- 
cules for purposes of constructing bio- 
logical weapons. On July 3, 1975, Mr. 
Malone replied: “In our opinion the 
answer is in the affirmative. The use 
of recombinant DNA molecules for 
such purposes clearly falls within the 
scope of the Convention’s provisions.” 
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I. SCOPE OF THE GUIDELINES 
Analysis of Current Guidelines 


For the purposes of the current 
Guidelines, recombinant DNA experi- 
ments are defined as those involving 
molecules that consist of segments of 
DNA from different sources which 
have been joined together in cell-free 
systems, and which have the capacity 
to replicate in some host cell, either 
autonomously or as an integrated part 
of the host’s genome. The host cells in 
these experiments are generally single 
living cells. They may be microorgan- 
isms such as bacteria, or animal or 
plant cells grown in tissue culture. 


General principles 


The Guidelines start with a state- 
ment of general principles, which are 
consistent with the conclusions in the 
report of the International Conference 
on Recombinant DNA Molecules held 
at Asilomar, Calif. in February 1975. 
The first principle is that certain ex- 
periments may be judged, in the light 
of currently available information, to 
present such serious potential hazards 
that they should not be attempted at. 
this time. Second, a large group of fea- 
sible experiments appear to pose less 
or no potential hazard, and can there- 
fore be performed under appropriate 
safeguards if the information or bene- 
fits sought cannot be obtained by con- 
ventional methods. Third, the more se- 
rious the nature of any presumed con- 
sequence, the more stringent should 
be the safeguards against escape of 
the potentially hazardous agents. 


Experiments to be deferred 


The first class of experiments de- 
scribed in the Guidelines are those 


1As published in the FEDERAL REGISTER, 
July 7, 1976 (41 FR 27902). 
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that are not to be carried out at the 
present. time. While it may be argued 
that a combination of maximal physi- 
cal and biological safeguards could es- 
sentially contain these recombinants, 
the magnitude of the possible dangers 
if containment were to fail dictates 
that these experiments be deferred. 
This class of experiments includes the 
following: ~ 


@ Those in which any of the recom- 
binant DNA derives from pathogenic 
organisms listed under classes 3, 4, and 
5 of the document Classification of 
Etiologic Agents on the Basis of 
Hazard, published by the Center for 
Disease Control (CDC) of the U.S. 
Public Health Service, or from .onco- 
genic (cancer-causing) viruses classi- 
fied by the National Cancer Institute 
as “moderate risk.” The CDC docu- 
ment categorizes naturally occurring 
organisms and viruses known to be 
pathogenic to man and agriculturally 
important species, on a scale of in- 
creasing hazard from 1 to 5. 

@ Those characterized by deliberate 
formation of recombinants containing 
the genes for potent toxins. Examples 
are botulinus or diphtheria toxins, and 
venoms from insects and snakes. 

@ Those involving deliberate cre- 
ation from plant pathogens of recom- 
binant DNA’s that are likely to in- 
crease the virulence of the pathogenic 
material or the range of susceptible 
species. 

@ Those involving transfer of a 
drug-resistance trait to microorgan- 
isms that are not known to acquire it 
naturally if this could compromise the 
use of a drug to control disease in 
humans, animals, or plants. 


Other restrictions concern’ the 
volume of recombinant DNA to be pro- 
duced and the deliberate release of or- 
ganisms into the environment: 


@ Experiments with recombinant 
DNA’s known to make harmful prod- 
ucts must be limited in scale to quanti- 
ties of fluid less than 10 liters. The 
RAC may make exceptions for particu- 
lar experiments deemed to be of direct 
societal benefit, if appropriate equip- 
ment is used. 

@ The creation of organisms with 
ability to carry out useful environmen- 
tal functions has been contemplated. 
Release of such organisms into the en- 
vironment may be required to test 
their efficacy, and certainly to make 
use of them. The Guidelines, however, 
prohibit at.present the release of any 
organism containing a recombinant 
DNA molecule. 


Alternatives: RAC-Proposed Revisions 


It was the determination of the Re- 
combinant Advisory Committee that 
advances in knowledge pertaining to 
recombinant activities in past years 
warranted significant revisions in the 


33107 


purpose, definition, and prohibition 
sections of the NIH Guidelines. A com- 
parison of the “purpose” language of 
the current Guidelines with that of 
the proposed revised guidelines of the 
RAC (hereafter called “PRG-RAC”) 
reveals that the standards in the latter - 
set are meant to pertain to recombin- 
ant DNA molecules in organisms. The 
analogous language in the current 
Guidelines addresses recombinant 
DNA molecules whether or not they 
are contained within a cell or virus. 
The rationale for this change is that 
DNA by itself (commonly referred to 
as “naked” DNA) is extremely unlike- 
ly to be hazardous under experimental 
conditions, as it is rapidly inactivated 
in nature. 

The definition in the PRG-RAC 
consists of two parts: (1) an operation- 
al definition of recombinant DNA and 
(2) a qualification that the Guidelines 
would pertain only to “novel” recom- 
binant DNA’s. The operational defini- 
tion does not differ significantly from 
that in the original Guidelines. - 

The second part, however, calls for 
the creation of a list of organisms that 
exchange genetic information in 
nature, commonly referred to as “non- 
novel exchangers.” Recombinant DNA 
formed with DNA from such organ- 
isms would be exempted from the pro- 
visions of the Guidelines, with the ra- 
tionale that there is no justification 
for requiring stringent containment 
procedures for the handling of recom- 
binations that occur regularly in 
nature and are not known to be associ- 
ated with any special hazards. 

The provision of an open-ended list- 
ing was recommended rather than is- 
suance of a blanket exemption, be- 
cause this would allow the RAC and 
NIH to consider evidence that (1) the 
putative gene transfers do take place 
naturally and (2) that their exemption 
from the Guidelines is justifiable. 

Although the PRG-RAC deal with 
prohibited experiments under part III, 
this assessment, for purposes that 
become apparent below, will consider 
the definition, exemptions, and prohi- 
bitions together under part I. 

A major proposed revision would 
give the Director, NIH, authority to 
grant exceptions to any of the six pro- 
hibitions. Such a determination must 
be based upon the recommendation of 
the RAC, and weight must be given in 
the decision-making ‘‘both to scientific 
and societal benefits and to potential 
risks.” The rationale for this proposed 
change was the desire of the RAC not 
to bar automatically the conduct of 
experiments desirable for some com- 
pelling social or scientific reasons—for 
example, risk assessment. 


Alternatives: Public Commentators 


There was considerable discussion at 
the public hearings over the scope of 
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the Guidelines. Some mentioned that 
the Guidelines were too narrow in 
their preocuppation with recombinant 
DNA, as there are other forms of ge- 
netic research capable of producing 
cells and organisms of unknown poten- 
tial hazard. It was further suggested 
that the title of the Guidelines be 
modified to reflect their concern with 
experiments involving prokaryotes and 
cells in culture and that a companion 
document be released dealing with 
higher eukaryotes. On the other hand, 
it was also argued that genetic re- 
search has not received attention far 
beyond its due and that other matters 
of experimentation await their turn. 

It is true that other techniques in 
genetic research, such as cell fusion 
and chromosome transfer, may result 
in formation of recombinant mole- 
cules. However, there are inherent in 
these techniques a range of natural 
barriers to the formation of hazardous 
organisms which apparently afford 
adequate containment, making unnec- 
essary the issuance of Federal stand- 
ards. Such techniques have been used 
in the laboratory for decades with no 
known harmful effects on either the 
public health or the environmnent. 
The entire area of laboratory safety is 
of primary concern to NIH and is the 
subject of constant review and atten- 
tion. 

There were several suggestions that 
the purpose of the Guidelines be more 
clearly stated and that terms be more 
precisely identified. Therefore, the 
sections “Purpose,” “General Applica- 
bility,” and “General Definitions” 
have been added to part I of the guide- 
lines now being proposed by NIH— 
hereafter called “PRG-NIH.” 


Purpose of the guidelines 


The Introduction to the 1976 Guide- 
lines states that “the purpose of these 
Guidelines is to recommend safe- 
guards for research on recombinant 
DNA molecules.” As noted above, to 
eliminate the handling of naked DNA 
from the Guidelines, the PRG-RAC 
proposed this passage to read that the 
purpose is to “establish procedures for 
handling organisms and viruses con- 
taining recombinant DNA molecules.” 

This proposed revision would have 
had the effect of removing from cover- 
age by the guidelines certain experi- 
ments that are now prohibited by the 
1976 Guidelines—for example, deliber- 
ate formation of “naked” recombinant 
DNA-containing genes for the biosyn- 
thesis of potent toxins. The Director, 
NIH, proposes to resolve this issue 
conservatively. The language in the 
PRG-NIH, therefore, clearly states 
that the Guidelines are intended to 
pertain to the construction and han- 
dling of naked recombinant DNA mol- 
ecules as well as organisms and viruses 
containing such molecules. 


General applicability 


Many commentators urged that a 
statement of general applicability of 
the Guidelines be included in an early 
part. The issues relate to (1) the appli- 
cability of the Guidelines to non-NIH- 
funded research with recombinant 
DNA at institutions receiving NIH 
funds for this purpose, (2) the applica- 
bility of the Guidelines to NIH-sup- 
ported recombinant DNA research 
conducted in foreign countries, and (3) 
the location of responsibility for en- 
suring compliance with the Guide- 
lines. Therefore, a section entitled 
“General Applicability” now appears 
after the “Purpose” section in Part I 
of the PRG-NIH. 

The existence of guidelines for re- 
combinant DNA research assumes 
their general application. Partial ad- 
herence within an institution would 
defeat the purpose of extending maxi- 
mal protection to the community. 
Thus, it would be inconsistent for NIH 
to provide funds for biomedical re- 

h activities to an institution that 

d not meet the standards of the 
Guidelines in all of its recombinant 
DNA research, regardless of the 
source of funding. This principle is 
now stated explicitly in the Guide- 
lines, and we intend to consider with- 
holding NIH funds as a _ sanction 
against violation. 

Rules must be established for the 
conduct of recombinant DNA activities 
funded by NIH in other countries. 
Generally, the requirements in force 
in those countries shall apply. A 
Memorandum of Understanding and 
Agreement (MUA) must still be filed 
with NIH, indicating specifically 
which guidelines will govern the activi- 
ties; and NIH reserves the right to 
withhold funding if the safety prac- 
tices to be employed are not reason- 
ably consistent with the NIH Guide- 
lines. An explicit statement about this 
has been inserted in the PRG-NIH. 

Part IV of the PRG-NIH defines the 
responsibilities of all individuals and 
organizational entities involved in the 
conduct and review of a recombinant 
DNA activity. Two years of experience 
with administering the NIH Guide- 
lines have demonstrated that the ulti- 
mate responsibility for ensuring com- 
pliance must be borne by the institu- 
tion where the research is being done. 
This implies some discretion under 
well-defined limits for interpretation 
of common standards, and imposes a 
requirement for local expertise other 
than the investigator’s. Accordingly, 
part I of the PRG-NIH now requires 
that an individual receiving NIH sup- 
port for recombinant DNA research be 
associated with an institution that is 
willing and able to accept the responsi- 
bilities and conditions of local gover- 
nance, described more explicitly in 
Part IV of the PRG-NIH. 


Definition of recombinant DNA mole- 
cules 


It became apparent from the com- 
ments received that the PRG-RAC 
definition was inadequate in not ad- 
dressing the handling of recombinant 
DNA molecules containing segments 
of chemically synthesized DNA. It was 
decided that the most effective way to 
achieve this objective is simply to in- 
clude “natural or synthetic DNA” in 
the definition of a recombinant DNA 
molecule, and this has been inserted in 
the PRG-NIH definition. A new sec- 
tion, therefore, has also been aded to 
part III of the PRG-NIH giving con- 
tainment levels for work with recom- 
binant DNA molecules containing syn- 
thetic DNA. 

A perceived ambiguity in the PRG- 
RAC definition has been corrected by 
the inclusion of language within the 
PRG-NIH definition which explicitly 
states that DNA molecules resulting 
from the replication of recombinant 
DNA molecules are subject to the 
safety provisions of the Guidelines. 

Finally, no other provisions of the 
PRG-RAC definition evoked as much 
comment as did the wording to ex- 
clude “non-novel” recombinant DNA 
from the standards. The ambiguity of 
such phrases as “known to exchange 
chromosomal DNA” and “by natural 
physiological processes” was strongly 
noted. A greater degree of clarity and 
objectivity is needed. Thus, it has been 
decided to eliminate in the PRG-NIH 
the two conditions cited above as crite- 
ria for exemption from the Guidelines. 
Staff discussions of the public com- 
ments made it clear that inclusion. of 
exemption provisions within the defi- 
nition itself was not desirable; several 
attempts at appropriate language did 
not bear careful scrutiny. 

Given this situation, and also the re- 
alization that certain categories of re- 
combinant DNA _ experiments are 
indeed so apparently free of causing 
harm that they should not come 
under the Guidelines, the criterion of 
“novelty” was removed from the defi- 
nition and used as a basis for the de- 
velopment of a new. section entitled 
“Exemptions.” 


Exemptions 


The nature of the public comments 
on the PRG-RAC exclusion of non- 
novel exchangers can be divided: into 
two categories—those that pertain to 
the proposed standards and those to 
the proposed process. 

The standards proposed by the 
PRG-RAC were that novel recombin- 
ant DNA’s consist of “segments of any 
DNA from different species not known 
to exchange chromosomal DNA by 
natural physiological processes * * *, 
In general, recombindnt DNA mole- 
cules * * * will not be considered novel 
when all the components are derived 
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from genomes known to replicate 
within the organism used to propagate 
the recombinant DNA.” This is quali- 
fied, however, by a footnote stating 
that “recombinant DNA formed be- 
tween segments of eukaryotic viral 
DNA and any eukaryotic DNA * * * 
shall not be excluded * * * until such 
time as there is more information 
about the extent of naturally occur- 
ring recombinational events between 
these DNA’s.” 

The public comments on_ these 
standards raised a number of issues. 
For example, some said that safety 
rather than novelty should be the cri- 
terion for exclusion. That is, any re- 
combinant molecule that poses a 
threat to the public health or the en- 
vironment should be covered by the 
Guidelines regardless of whether the 
molecule is a novel one. Others held 
that the proper criterion should not 
be safety, but rather whether the po- 
tential hazard of the recombinant 
DNA molecule differs significantly in 
degree or in kind from those found in 
nature or from biohazards that are 
successfully handled by conventional 
methods. It proved impossible to rec- 
oncile these differences of opinion in 
the deinition itself and so an “Exemp- 
tions” section was drafted by NIH 
staff in conjunction with an RAC 
working group. It should be noted that 
no provision in that section may be 
cited to exempt from the Guidelines 
an activity listed in the ‘‘Prohibitions” 
section. 

The first exemption concerns recom- 
binant DNA molecules that are not in 
organisms or viruses. This is in recog- 
nition that “naked” DNA, which is 
rapidly inactivated in nature, is ex- 
tremely unlikely to be hazardous 
under experimental conditions. To 
guard, however, against the remote 
possibility that potentially harmful 
naked recombinant DNA will be incor- 
porated into an organism, the han- 
dling of certain naked recombinant 
DNA molecules described in the ‘Pro- 
hibitions” section remains prohibited. 
It should also be noted that the con- 
cept of extremely low hazard of naked 
recombinant DNA was included in the 
PRG-RAC in the section on “Han- 
dling Recombinant DNA Molecules” at 
the end of Part III. This language is 
more appropriately presented under 
the “Exemptions” section. 

The section exemption pertains to 
recombinant DNA molecules consist- 
ing entirely of DNA segments from a 
single non-chromosomal -or viral 
source. This statement clarifies a cate- 
gory of “self-cloning’ experiments 
that are considered safe enough to be 
excluded from the Guidelines. This is 
a concept which the RAC tried to 
convey in the PRG-RAC definition by 
use of the phrase “different genomes” 
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but which some commentators found 
ambiguous. 

The third exemption concerns “‘self- 
cloning.” It exempts from the Guide- 
lines recombinant DNA _ molecules 
made entirely from the DNA of a 
single organism, including the indig- 
enous plasmids, viruses, mitochondria, 
or chloroplasts, when propagated only 
in that oranism (or a closely related 
strain of the same species). This par- 
tially responds to the suggestion made 
by many commentators that experi- 
ments previously classified as P1+ 
EK1 be excluded from the Guidelines. 
It also covers some of the cases the 
RAC was including in the concept of 
“novelty” and “different genomes.” 
This exemption, however, does not in- 
clude recombinant DNA molecules 
formed between viral DNA and eukar- 
yotic host DNA. In this regard it is 
analogous to footnote 1 of the PRG- 
RAC. 

The fourth exemption covers “cer- 
tain specified recombinant DNA mole- 
cules that consist entirely of DNA seg- 
ments from different species that ex- 
change DNA by known physiological 
processes.” In this case a list is pre- 
pared and periodically revised by the 
Director, NIH, on the recommendation 
of the RAC, after appropriate notice 
and opportunity for public comment. 
This list is analogous to the list of 
“non-novel exchangers” proposed in 
the PRG-RAC. Appendix A to the 
PRG-NIH gives a proposed list for 
this exemption. This list is discussed 
in Appendix D to the present docu- 
ment. 

The fifth exemption allows the Di- 
rector, NIH, on the recommendation 
of the RAC and after appropriate 
notice and opportunity for public com- 
ment, to exempt other classes or re- 
combinant DNA molecules if he finds 
that ‘“‘they do not present a significant 
risk to health or the environment.” 
This language for exempting classes of 
experiments is used in proposed legis- 
lation (H.R. 11192) recently reported 
out of the Committee on Interstate 
and Foreign Commerce and the Com- 
mittee on Science and Technology of 
the U.S. House of Representatives. 

In addition to these comments per- 
taining to the standards for exemption 
in the PRG-RAC, the following were 
directed toward the processes whereby 
exemption would be made: 

@ Rather than compile a list of non- 
novel exchangers exempt from the 
Guidelines, the burden of proof 
should be on the Director to compile a 
list of novel exchangers that are sub- 
ject to the Guidelines. 

@ The procedures and criteria used 
in the development of the list should 
be thoroughly explained, and ade- 
quate opportunity should be given for 
public review and comment. 
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@ Before an organism is placed on 
the list, all the data pertaining to the 
application should be available for 
public review. 


In response to these comments, the 
PRG-NIH specifies that for exemp- 
tions I-E-4 and I-E-5—the two that in- 
volve the development of “lists’—the 
Director, NIH, on the advice of the 
RAC, will develop lists after appropri- 
ate notice and opportunity for public 
comment. The initial list proposed in 
Appendix A to the PRG-NIH is sub- 
mitted for public comment along with 
the entire revision of the Guidelines. 
In the future, appropriate notice and 
opportunity for public comment will 
precede any additions to Appendix A 
or exemption I-E-5. 


Prohibitions 


Two changes in this section have 
been initiated to make it more com- 
patible with the new “Definition” and 
“Exemptions” sections. The first was 
to transfer this section from Part III 
of the Guidelines to Part I, reempha- 
sizing that the exemptions are not ap- 
plicable to the six activities listed as 
prohibited. The second was to drop all 
references to novel recombinant 
DNA’s and natural genetic exchange. 
Other alternatives suggested by com- 
menters: 


@ There was a general endorsement 
for the provision in this section which 
grants to the Director, NIH, upon the 
recommendation of the RAC, the au- 
thority to waive any of the prohibi- 
tions. The widespread support for this 
authority reflects the realization that 
many important risk-assessment ex- 
periments would not be able to pro- 
ceed otherwise. NIH is now supporting 
and will continue to support experi- 
ments that will yield knowledge con- 
tributing to a better understanding of 
the nature of potential risks of recom- 
binant DNA. 

@ It was urged that the advice of 
other Government agencies, such as 
the Environmental Protection Agency 
and the Occupational Safety and 
Health Administration, should be 
sought when the Director, NIH, con- 
siders invoking this waiver authority. 
The Federal Interagency Committee 
on Recombinant DNA Research pro- 
vides for coordination of policies in 
this area. EPA and OSHA are repre- 
sented on the Committee. The advice 
of relevant research and regulatory 
agencies will continue to be sought 
when appropriate. 


It was suggested that the RAC as 
presently constituted should not be 
the sole advisory body because societal 
as well as scientific considerations 
must enter into the waiver decision. As 
explained in greater detail in Part IV 
of this document, the membership of 
the RAC will be broadened modestly 
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as needed for expertise, but provision 
for public notice and opportunity to 
comment, and other appropriate ad- 
ministrative practices, can be used to 
insure adequate public input when the 
issues warrant. 

@ It was suggested that an Environ- 
mental Impact Assessment or State- 
ment should accompany each waiver. 
Waiver decisions will include a careful 
consideration of the potential environ- 
mental impact, and certain decisions 
may be accompanied by a formal as- 
sessment or statement. This must be 
_determined on a case-by-case basis. 

e It was suggested that waiver of 
the prohibition on the large-scale use 
of cultures containing recombinant 
DNA’s be issued on the basis of indus- 
try’s experience in dealing with such 
cultures. While experience will surely 
be weighed in the decisionmaking, it 
whould not be the sole criterion for 
granting such a waiver. 

e Agricultural scientists noted the 
importance to their research commu- 
nity of being allowed eventually to re- 
lease organisms containing recombin- 
ant DNA into the environment. When 
the original Guidelines were proposed 
to the NIH Director in draft form in 
1976, the release of organisms contain- 
ing recombinant DNA molecules into 
the environment was to be allowed if a 
series of controlled tests had been 
done to leave no reasonable doubt of 
safety. This waiver provision was re- 
jected at that time because of the lim- 
ited scientific evidence available that 
any of the potential benefits from 
such a release were near realization. 
As now proposed, the prohibition of 
deliberate release into the environ- 
ment of recombinant-DNA-containing 
organisms can be waived if all the re- 
quirements for a waiver (and those of 
the National Environmental Policy 
Act) are met. Given the limited experi- 
ence of NIH in agricultural research, 
the U.S. Department of Agriculture 
would have to be deeply involved in 
this process, and written notice of this 
suggestion has been given to the ap- 
propriate officials at USDA. 

@ The Standing Advisory Committee 
on Recombinant DNA Research of the 
European Molecular Biology Organi- 
zation (EMBO) has noted that the list 
of pathogenic organisms under prohi- 
bition I-D-1, especially those in Class 
5, may not be appropriate for all Euro- 
pean countries. The decision as to 
which pathogenic organisms should be 
classified as too dangerous to work 
with must be the responsibility of na- 
tional or regional authorities. EMBO 
has recommended that a footnote be 
added to the Guidelines stating that 
the prohibition of etiologic agents re- 
lates to research in the United States. 
Such a footnote, however, is unneces- 
sary because those Guidelines are di- 
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rected to NIH grantees and contrac- 
tors, almost all within this country. 

e A final change in the PRG-NIH 
relates to prohibition I-D-1. As dis- 
cussed in detail in the “Decision” ac- 
companying the PRG-NIH, the prohi- 
bition against using in recombinant 
DNA experiments vesicular stomatitis 
virus and oncogenic viruses classified 
by the National Cancer Institute as 
“moderate risk” has been lifted. 


Proposed Action: Environmental 
Impact Assessment 


Part I of the PRG-NIH as discussed 
in this Assessment rests on the past 2 
years of scientific developments relat- 
ing to the safety of recombinant DNA 
research. The proposed alternatives to 
the current Guidelines reflect that evi- 
dence. 

The suggested definition in the 
PRG-RAC spoke to the coriclusion 
that recombinant DNA molecules only 
pose a potential hazard when placed in 
an organism, and that events in the 
laboratory which mimic those in 
nature pose no special hazard to work- 
ers or the environment. The commit- 
tee also recommended, and there was 
strong public support for, a mecha- 
nism to allow exceptions to the “Pro- 
hibitions,” as for the conduct of risk- 
assessment research. 

The PRG-NIH also incorporate a 
number of the alternatives to the 1976 
Guidelines suggested by the public 
commentators. All of the changes re- 
flected in the PRG-NIH permit re- 
search to go forward which would not 
have a significant effect on the envi- 
ronment. Indeed, additions have been 
made to insure that the safety stand- 
ards are extended under certain cir- 
cumstances to meet environmental 
and occupation concerns. 

The scope of the Guidelines contin- 
ues to be limited to recombinant DNA 
research. Other techniques in genetic 
research, such as cell fusion and chro- 
mosomes transfer, may result in the 
formation of recombinant molecules; 
but inherent in these techniques is a 
range of natural barriers to the forma- 
tion of hazardous organisms, and thus 
the issuance of Federal standards is 
unnecessary. It should also be noted 
that such techniques have been used 
in the laboratory for decades with no 
harmful effects on either health or 
the environment. 

The definition in the PRG-NIH 
clearly states that the Guidelines are 
intended to pertain to the construc- 
tion and handling of naked recombin- 
ant DNA molecules as well as organ- 
isms and viruses containing such mole- 
cules. This is to insure that the prohi- 
bitions on the use of naked DNA 
remain in effect. And the definition 
now explicitly includes synthetic mole- 
cules under the standards of the 


Guidelines, thereby increasing the 
margin of safety. 

In response to the recommendations 
of public commentators, the PRG- 
NIH now require that all recombinant 
DNA research at NIH-funded institu- 
tions comply with the safety standards 
of the Guidelines and be under the 
purview of local institutional bioha- 
zard committees. Again, this will mini- 
mize the environmental impact, if any, 
of this research. - 

The list of exemptions, as previously 
explained, provides that certain re- 
combinant DNA research need not be 
subject to the control of the NIH 
Guidelines on the basis of safety to 
the laboratory personnel, to the great- 
er community, and to the environ- 
ment. The proposed exemptions in 
large part are responsive to the great 
number of comments received. The 
“Prohibitiofhs” section, in the 1976 
Guidelines under Part III, has been 
transposed to Part I in the PRG-NIH 
to insure that none of the “Exemp- 
tions” apply to the “Prohibitions.” 
Thus, once again, care has been taken 
to minimize the possibility of environ- 
mental impact. 

Under the first exemption, experi- - 
ments with recombinant DNA mole- 
cules that are not in an organism need 
not be subject to the Guidelines. This 
is based on the safety of these experi- 
mients. The second exemption permits 
certain “self-cloning’”’ experiments to 
be done outside the jursidiction of the 
Guidelines. Again the basis is occupa- 
tional and environmental safety. The 
third exemption also concerns “self- 
cloning” and permits certain experi- 
ments previously classified as P1+EK1 
to be excluded from the Guidelines. 
This was strongly endorsed by several 
public commentators on the basis of 
no hazard. 

The fourth exemption deals with ex- 
periments that mimic exchanges al- 
ready occurring in nature. It allows 
certain of the experiments previously 
classified at Pl1+EK1 to be excluded 
from the Guidelines, again with the 
strong endorsement of several public 
commentators on the basis of no 
hazard. The final provision allows ex- 
emptions when it is found that experi- 
ments do not present significant risk 
to health or the environment. This 
standard was expressly recommended 
as the basis for exemption by several 
public commentators, especially from 
environmental groups, and is directly 
responsive to the concerns that there 
be an explicit reference to health or 
the environment for the basis of ex- 
emption. Further, in the exercise of 
this and the previous exemption, sev- 
eral procedural requirements have 
been introduced that wili afford sig- 
nificant opportunity for public com- 
ment to insure appropriate attention 
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to occupational and ‘environmental 
concerns. 

A waiver provision in the section on 
“Prohibitions” will permit NIH sup- 
port and conduct of risk-assessment 
experiments of crucial importance to 
the determination of the safety of this 
work. Recommendations from the sci- 
entific community, the public, and rel- 
evant Federal agencies will be sought 
for their advice on specific projects. 
Waiver decisions will include a careful 
consideration of potential environmen- 
tal impact. 


In summary, a number of safety 1 


standards and procedural require- 
ments have been included in the PRG- 
NIH to insure minimal environmental 
impact. All experiments exempted 
from the Guidelines are of minimal 
speculative risk and present no signifi- 
cant hazard to health or the environ- 
ment. 


II. CONTAINMENT 
Analysis of Current Guidelines 


Two approaches to the problem of 
containing potentially hazardous or- 
ganisms form the basis of the safe- 
guards recommended by the guide- 
lines. Each may be viewed as setting 
up barriers between the laboratory 
worker and the organisms and be- 
tween the laboratory and the greater 
environment. The first of these ap- 
proaches involves the limitation of the 
actual physical escape of organisms 
and is referred to as “physical contain- 
ment.” The second approach is the use 
of biological barriers, to be described 
later as “biological containment.” 

(The October 1977 EIS on the cur- 
rent guidelines, in response to com- 
ments received on the draft EIS, docu- 
ments in considerable detail the ade- 
quacy of the containment require- 
ments and shows the bases on which 
judgments in this regard have been 
made.) 


Physical containment 


A major aspect of physical contain- 
ment is the set of standard microbiolo- 
gical practices that have been’ devel- 
oped over many years and are widely 
used for handling pathogenic organ- 
isms. In the hands of well-trained per- 
sonnel, these procedures have proved 
to be effective both in laboratory and 
clinical settings. A second major 
aspect of physical containment in- 
volves the use of special kinds of 
equipment and facilities (1) for limit- 
ing the spread of aerosols, (2) for de- 
contamination and containing labora- 
tory air and wastes, and (3) for re- 
stricting access to laboratories. As 
with standard microbiological tech- 
niques, the type of equipment and fa- 
cilities are not new but have been de- 
veloped and used previously for con- 
tainment of known pathogens. 


NOTICES 


The guidelines go into some detail 
concerning the practices and facilities 
required for physical containment. 
Four levels are specified: P1, P2, P3, 
and P4, in the order of increasing safe- 
guards. Pl consists in the use of the 
standard microbiological practices 
mentioned above. P2 and the next 
higher level, P3, require special proce- 
dures and facilities designed to limit to 
increasing extents any possible acci- 
dental escape of potentially hazardous 
organisms. Finally, P4, the maximum 
level of containment, requires sophisti- 
cated and isolated facilities designed 
for maximum containment. 

Each of the levels from P2 through 
P4 assumes that the standard micro- 
biological practices demanded by Pl 
will also be followed. Furthermore, for 
each level, relevant training of person- 
nel is mandatory. The training is to in- 
clude the nature of the potential haz- 
ards, the technical manipulations, and 
instruction in the biology of the rele- 
vant organisms and systems. Specific 
emergency plans, to be used in case of 
accident, are required; and serological 
monitoring is to be provided where ap- 
propriate. 


Biological containment 


Biological containment is defined as 
the use of host cells and vectors with 
limited ability to survive outside of 
very special and fastidious laboratory 
conditions that are unlikely to be en- 
countered by escaped organisms in 
natural environments. This is an inte- 
gral part of the experimental design, 
since the host and vector will need to 
be chosen, in any given experiment, 
with a view to the purpose of the ex- 
periment as well as to containment. 

The guidelines stress that physical 
and biological containment procedures 
are complementary, each serving to 
control any possible failure in the 
order. The use of both in a given ex- 
periment affords much higher levels 
of containment than either alone. 
Therefore, the guidelines always rec- 
ommend both a particular level of 
physical containment and a level of 
biological containment for any given 
experiment. The guidelines explicitly 
recognize that better physical contain- 
ment capabilities are likely to evolve 
as research proceeds and may reduce 
the needs for the standard physical 
containment procedures. Such innova- 
tions are to be considered as part of 
the on-going review of the guidelines 
for appropriate revision. 

The Use of Bacterial Hosts and Vec- 
tors. In recognition of the relation be- 
tween the host-vector system required 
by the experiment and the design of 
suitable biological containment, exper- 
ments using the same host-vector 
system are grouped together. At pres- 
ent, the system of choice for many ex- 
periments is the common laboratory 
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bacterium E. coli, strain K-12, and in- 
dependent genetic elements (plasmids 
and bacteriophage) known to reside or 
replicate in this strain. 

There are several factors contribut- 
ing to this (discussed more fully in 
part III). Strain K-12 has been studied 
extensively and can be readily manipu- 
lated for recombinant DNA experi- 
ments. This extensive experience and 
ease of manipulation permit modifica- 
tion of E. coli K-12 and vectors used 
with it by classical genetic techniques 
for the purpose of establishing biologi- 
cal containment. 

The guidelines discuss arguments 
against as well as for the use of E. coli 
K-12. The main argument against it is 
the intimate association of various 
other strains of E. coli with humans. 
By reason of the prevalence of E. coli 
strains (but not K-12) in mammals, 
the guidelines recommend the cau- 
tious use of E. coli K-12 host-vector 
systems and urge that efforts be made 
to develop alternate hosts and vectors. 

E. coli K-12 appears to be harmless: 
It does not usually establish itself in 
the normal bowel or multiply signifi- 
cantly in the alimentary tract. These 
facts suggest that accidental ingestion 
of a small number of bacteria by a lab- 
oratory worker would not result in 
their extensive spread outside the lab- 
oratory. This property of the organism 
may be altered, however, when the in- 
fected person is taking antibiotics or 
has certain abnormal digestive condi- 
tions, and it is recommended that such 
persons not work for the duration of 
the abnormal circumstances. 

While E. coli K-12 does not establish 
itself as a growing strain in the normal 
bowel, it does remain alive during its 
passage through the intestinal tract. 
Therefore, transfer of plasmid or bac- 
teriophage vectors containing foreign 
DNA from the original E. coli K-12 
host. to bacteria resident in the intes- 
tines or encountered after excretion 
must be considered. The guidelines 
take into account the transferability 
of certain vectors in recombinant re- 
search. In brief, host-vector systems 
derived from E. coli K-12 and certain 
plasmids or bacteriophage appear to 
have extremely limited ability to 
spread recombinant DNA molecules. 

Considering, then, the properties of 
E. coli K-12 and the known plasmid 
and bacteriophage vectors, the guide- 
lines conclude that recombinant 
DNA’s manipulated through such 
host-vector systems are unlikely to be 
spread by the ingestion or dissemina- 
tion of the few hundred or thousand 
bacteria that might be involved in a 
laboratory accident, given standard 
microbiological practice. Therefore, 
these existing systems, and analogous 
combinations of E. coli K-12 with 
other vectors and bacteriophage, are 
judged to offer a moderate level of bio- 
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logical containment and are defined as 
EK1. 

As with physical containment levels, 
increasing numbers specify increasing 
levels of biological containment for E. 
coli systems. For the next level, called 
EK2, host-vector combinations must 
be demonstrated to provide a high 
level of biological containment by suit- 
able laboratory tests. Such combina- 
tions are obtained by genetic modifica- 
tion of either E. coli K-12 host cells or 
the relevant plasmids and bacterio- 
phage or both. Various examples of 
the types of necessary modifications 
are suggested in the guidelines. 

One additional level of contained E. 
coli host-vector systems, defined in 
the guidelines, is called EK3. EK3 sys- 
tems are EK2 systems for which the 
specified containment properties have 
been demonstrated, not only by micro- 
biological and genetic analysis but by 
appropriate tests in animals, including 
humans or primates and other rele- 
vant environments. 

EK2 and EK3 host-vector systems 
must be certified as such by the Direc- 
tor, NIH, after evaluation and recom- 
mendation by the Recombinant Advi- 
sory Committee. 


Alternatives: RAC-Proposed Revisions 
Physical containment 


Two major changes were proposed in 
the physical containment section of 
the PRG-RAC. One deals with the or- 
ganization of the section; the other in- 
corporates into the PRG-RAC the 
philosophy and guidance of the report 
of the NIH/European Molecular Biol- 
ogy Organization (EMBO) workshop 
on parameters of physical contain- 
ment. 

Physical containment requirements 
for each P-level have been organized 
under the topic headings “Laboratory 
Practices,” “Containment Equip- 
ment,” and “Special Laboratory 
Design.” This was done to emphasize 
the importance of laboratory practices 
and containment equipment in achiev- 
ing the desired safety objective. 

Other proposed revisions contained 
in the physical containment section 
reflect a conscious effort to encourage 
international uniformity with respect 
to recombinant DNA guidelines. This 
has been achieved by revising the con- 
tainment descriptions so that they are 
consistent with the guidance provided 
in the NIH/EMBO report. In addition, 
some statements have been rewritten 
and others added in order to clarify 
the basic requirements for each level 
of containment. The most significant 
clarifications have been made in the 
areas on containment equipment and 
special facility design. The revisions, 
however, have not resulted in chang- 
ing the purpose or intent of the physi- 
cal containment descriptions in the 
1976 guidelines. 


‘Center for Disease Control, 





One specific addition to the PRG- 
RAC that has originated from the 
NIH/EMBO report is the inclusion of 
design criteria for an area of the labo- 
ratory in which personnel wear posi- 
tive-pressure suits ventilated by life- 
support systems. This added approach 
provides a level of physical contain- 
ment equivalent to that afforded by 
glove-box cabinets at the P4 level. 

Other important recommended 
changes include— 


@ Certain good microbiological prac- 
tices are mandatory at the P1 level in 
the PRG-RAC (the 1976 guidelines en- 
courage but do not require such prac- 
tices); 

e@ At the P2 level, prohibitions 
against eating, drinking, smoking, and 
storage of foods have been extended 
from the work area to the entire labo- 
ratory; 

@ The universal biohazard sign is 
now required at the P2 level, and its 
use has been extended to equipment 
such as freezers and refrigerators in 
which organisms containing recom- 
binant DNA molecules are stored; 

@ Access procedures have been spec- 
ified for controlled areas adjacent to 
P3 laboratories; 

@ Installation of foot-, elbow-, or 
automatically-operated facilities for 
washing hands is now required for all 
laboratories in which P3-level work is 
done; 

@ Specific guidance on containment 
equipment appropriate for laboratory 
animals has been added to the P3 and 
P4 sections; and 

@ The labeling requirements for 
shipment of etiologic agents now 
apply to all organisms containing re- 
combinant DNA molecules. Thus, the 
US. 
Public Health Service, must be noti- 
fied in the event of any accidental 
breakage during shipment. Also, 
agents requiring P4 containment must 
be packaged according to strict Feder- 
al standards and shipped by registered 
mail or an equivalent system that pro- 
vides for sending notifications to the 
shipper upon delivery. 


The PRG-NIH adopt these sugges- 
tions in large part. Thus, they 
strengthen the safety standards and 
procedures for physical containment 
and move toward international agree- 
ment. 


Biological containment 


The PRG-RAC describe the catego- 
ries of hosts and vectors to be used in 
minimizing the spread of organisms 
containing recombinant DNA. The 
PRG-RAC differ from the 1976 guide- 
lines in that they were expanded to in- 
clude (1) further definitions of host- 
vector systems, (2) a more restrictive 
set of requirements for HV3 systems 
(see below), and (3) a new section de- 
scribing mechanisms for certification. 


Definitions of Host-Vector Systems. 
A new nomenclature—HV1, HV2, and 
HV3—was developed to incorporate a 
variety of hosts and vectors into the 
framework initially established for E. 
coli K-12. In particular, the PRG- 
RAC provide criteria for HV1 systems 
other than E. coli K-12. In the 1976 
Guidelines, cloning systems other E. 
coli K-12 were to be considered only if 
superior to K-12 in containment prop- 
erties; but it is now recognized that 
many useful experiments can only be 
conducted using host-vector systems 
other than those based on E. coli K- 
12, and that such experiments should 
be permitted so long as the proposed 
system provides equivalent biological 
containment. The new HVI1 criteria 
provide a structure for approval of sys- 
tems that meet these requirements.? 

Requirements for HV3 Systems. 
These have been made more stringent 
than the corresponding requirements 
for EK3 in the 1976 guidelines. The 
PRG-RAC require that the vector be 
dependent on its propagation host or 
be highly defective in mobilizability. 
Also, it may carry no markers confer- 
ring resistance to antibiotics used 
clinically or in agriculture. This provi- 
sion should preclude any inadvertent 
advantage for recombinant-DNA-bear- 
ing vectors that encounter antibiotics 
in the environment. 

Certification of Host-Vector Systems. 
A new section has been added detail- 
ing the responsibility for certification 
of HV1, HV2, and HV3 systems, the 
types of data to be submitted, and the 
mechanisms for distributing strains 
once certified. The section delineates 
procedures used by the RAC for the 
past 2 years and therefore represents 
no change from practices under the 
1976 guidelines. 

These recommendations, reflected in 
the proposed revisions, set improved 
procedures and standards to meet en- 
vironmental and occupational con- 
cerns. 


Physical and biological interaction 


Another . specific addition to the 
guidelines that has originated from 
the NIH/EMBO report is particularly 
notable—the addition of tables I and 
II to the P3 and P4 sections, respec- 
tively. These tables show combinations 
of physical and biological safeguards 
that provide similar protection. This 
approach allows flexibility in selecting 
comtainment equipment for a particu- 
lar study without compromising 
safety. 


Alternatives: Public Commentators 


Commentators have expressed par- 
ticular concern over (1) the flexibility 


2Under the proposed revisions, new HV1’s 
need not offer a distinct advantage over E. 
coli K-12 host-vectors, need not be capable 
of modification to HV2 and HV3, and need 
not be class 1 etiologic agents. 
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that allows various combinations of 
containment safeguards, (2) the ade- 
quacy of risk-assessment studies in re- 
lation to physical containment, (3) the 
adequacy of training in laboratory 
safety practices, (4) plans for dealing 
with emergencies, and (5) various as- 
pects.of the biological safety concepts. 
NIH has considered a number of rec- 
ommendations by EMBO. Public com- 
mentators have made additional sug- 
gestions relating to actions at specific 
levels of physical containment and to 
shipment of recombinant DNA materi- 
als. 


Concept of “flexibility” 


Some commentators have expressed 
concern over the flexibility provided 
in tables I and II which allows various 
combinations of containment safe- 
guards. Some feel, for example, that 
work in a P3 facility conveys a desir- 
able sense of hazard, whereas a reduc- 
tion to the P2 level will promote an 
undesirable relaxation of vigilance. It 
has also been suggested that an in- 
crease in the options augments the dif- 
ficulty of control and implementation. 
Some commentators object to specific 
options provided at the P3 and P4 
levels. 

NIH has been urged to include a 
better explanation of the rationale for 
flexibility. Indeed, the calculus of 
switching physical and biological con- 
tainment levels has been questioned. 
Is reducing a physical containment 
level from P3 to P2 truly compensated 
by increasing biological containment 
from. EK1 to EK2? 

The scale of either form of contain- 
ment from least to greatest is not nec- 
essarily linear, and substitutions are 
only roughly approximate. Neverthe- 
less, there are some numerical bases 
for comparison. At the P4 level, for ex- 
ample, a Class III biological safety 
cabinet is required (if a positive-pres- 
sure suit is not used); whereas one can 
work in an open-front biological safety 
cabinet at the P3 level. Studies using 
molecular counts of gases have shown 
that there is a 4-5 log protection in 
going from a Class I or II biological 
safety cabinet to a Class III cabinet— 
that is, from P3 to P4. Similarly, in 
going from P1 to P3 there may be a 4- 
5 log increase in safety. 

The measure of safety provided by 
open-front biological safety cabinets, 
used in work at the P2 and P3 levels, 
consists in design and performance cri- 
teria that permit fewer than 20 micro- 
organisms to escape through the open 
front when 1x10% to  8x10° 
(100,000,000 to 800,000,000) microor- 
ganisms are experimentally released 
within the cabinet. (See pp. 92-93 of 
the 1977 EIS for a more detailed dis- 
cussion of safeguards associated with 
use of biological safety cabinets.) 


NOTICES 


HV2 is defined in terms of a prob- 
ability of escape of recombinant DNA 
of less than 10-* (1 in 100,000,000). In 
considering “equivalency” between P 
and EK levels, it is recognized that the 
two systems are conceptually differ- 
ent. Biological safety cabinets are de- 
signed primarily for the protection of 
the laboratory worker, and all physi- 
cal containment protection stops at 
the walls of the laboratory. Biological 
containment continues to operate even 
if an organism should escape from the 
laboratory. 

The flexibility .allowed in alternate 
P and HV levels are carefully ex- 
plained in the text of the PRG-NIH, 
and the investigator must follow the 
explicit requirements set forth in Part 
III of the PRG-NIH and in Tables I 
and II. 


Risk assessment 


Many commentators. have urged 
more studies in risk assessment. It has 
been maintained that assumptions 
about biological containment may not 
be* valid and that. all components 


should be tested. Concern has been ex- . 


pressed that the biological contain- 
ment safety systems may fail altogeth- 
er. 

Some risk-assessment studies are 
prohibited by the 1976 Guidelines. 
Under the PRG-RAC, however, the 
Director, NIH, on recommendation of 
the RAC, would have discretion to 
permit such risk-assessment experi- 
ments by granting a waiver from a spe- 
cific prohibition. There was virtually 
unamimous support for this discretion 
at the public hearing in December 
1977. Of course, its exercise must be 
consistent with standards of due proc- 
ess for the scientific community and 
the public. 

Risk-assessment studies are proceed- 
ing both within and outside the 
United States. NIH is committed to 
the conduct and support of such stud- 
ies to determine the extent to which 
certain potentially harmful effects 
from recombinant DNA molecules 


~‘may occur. It is intended that the NIH 


P4 facilities at the Frederick Caricer 
Research Center will serve as a focal 
point for such experiments. Provisions 
have already been made to share these 
facilities with non-Federal scientists. 


Training 


A number of commentators urge 
that specific curricula be developed for 
training of researchers and that the 
Guidelines stipulate requirements for 
certification in safety practices. NIH 
has a contract with the American Soci- 
ety for Microbiology to develop mini- 
mum standards for training partici- 
pants in recombinant DNA research. 
The work panel’s report is to be used 
by the IBCs and investigators to set 
appropriate standards. 
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Emergency plans 


In response to the concerns of com- 
mentators, the elements of emergency 
plans to handle possible safety prob- 
lems are described more clearly in 
“Laboratory Safety Monograph—A 
Supplement to the NIH Guidelines for 
Recombinant DNA Research.” Fur- 
ther, NIH staff have recently met with 
representatives of CDC to establish a 
mechanism for providing advice, con- 
sultation, or assistance if necessary in 
case of an emergency, such as a labo- 
ratory accident involving recombinant 
DNA. 


Biological 
ations 


Considerations of biological contain- 
ment related mainly to the develop- 
ment of alternative host-vector sys- 
tems, Many commentators from the 
scientific community believe that the 
PRG-RAC discriminate against host- 
vector systems alternate to E. coli K- 
12. They urge development of other 
systems, maintaining that they will be 
needed increasingly both in pure re- 
search and in industry and should be 
certified as soon as possible. It is un- 
likely, according to one commentator, 
that agriculture will best be served 
through the use of EZ. coli K-12 (or B. 
subtilis) and that alternate host-vector 
systems are essential if the potential 
of recombinant DNA technology for 
agriculture is to be realized. In view of 
the support evident at the 1976 public 
meeting for NIH to encourage develop- 
ment of alternate host-vector systems, 
one commentator expressed disap- 
pointment that there was not a large 
NIH contract program in this area. 

Others view the introduction of al- 
ternate HV systems with some misgiv- 
ings. It was pointed out, for example, 
that if uncertainty continues to sur- 
round research with so well-studied an 
organism as E. coli K-12, our igno- 
rance must be that much greater with 
regard to any other organism—its eco- 
logical involvement, the organisms 
with which it can exchange DNA, etc. 
Moreover, the Guidelines, which have 
been developed around the use of E. 
coli K-12, are primarily focused on 
dangers to man, and the introduction 
of new systems may affect other life 
forms with which we should be equal- 
ly concerned. In the view of commen~« 
tators who urge restraint, the larger 
the number of systems certified, the 
greater the problem of monitoring the 
work. 

Clearly, however, research address 
to the development of other host- 
vector systems must proceed. This is 
particularly evident in the agricultural 
sector, where the potential for imme- 
diate benefits to man is great. At pres- 
ent, a number of alternate systems are 
being developed by NIH grantees. In 
the use of such systems, the same con- 


containment consider- 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





33114 


siderations of safety and risk associat- 
ed with the use of E. coli K-12 will, of 
course, apply. 


Mouth pipetting at the Pi level 


Both the 1976 guidelines and the 
PRG-RAC prohibit mouth pipetting 
at the P2, P3, and P4 levels. For the 
Pl level, however, they state, “Al- 
though pipetting by mouth is permit- 
ted, it is preferable that mechanical 
pipetting devices be used.” A number 
of commentators have urged that 
mouth pipetting be prohibited at the 
P1 level of physical containment. The 
decision accompanying the PRG-NIH 
discusses in detail the arguments of 
various groups on both sides of the 
issue. In resolving this, the Director, 
NIH, has decided to adopt the conser- 
vative position and ban mouth pipet- 
ting. Accordingly, language has been 
inserted in the PRG-NIH saying that 
at the P1 level “mechanical pipetting 
devices shall be used; pipetting by 
mouth is prohibited.” Since mouth pi- 
petting had already been banned at 
the P2-P4 levels, this means that 
mouth pipetting would now be banned 
for all experiments covered by these 
guidelines. 


Proposed Action: Environmental 
Impact Assessment 


Physical containment 


The PRG-NIH include the following 
specific changes at each P level, aimed 
at clarifying and strengthening physi- 
cal containment requirements and 
thereby reducing the probability of re- 
combinant DNA molecules being acci- 
dentally released into the environ- 
ment. 

P1 Level. The 1976 guidelines estab- 
lish as a principle of containment the 
adherence to good microbiological 
practices. At the Pl level, however, 
certain practices are not required but 
merely encouraged. The PRG-NIH 
now make adherence to certain of 
these practices mandatory at all four 
physical containment levels. 

A major change in the PRG-NIH is 
the banning of mouth pipetting at the 
Pl level, meaning that mouth pipet- 
ting is now banned for all experiments 
covered by the guidelines. Since the 
only plausible way E. coli K-12 could 
gain entry into laboratory workers is 
by oral ingestion, this ban greatly re- 
duces the possibility that any organ- 
isms containing recombinant DNA will 
escape and thus minimizes the risk of 
environmental impact. 

P2 Level. The PRG-NIH have ex- 
tended the prohibitions against eating, 
drinking, smoking, and storage of 
foods from just the work area to the 
entire P2 laboratory. This change was 
made to achieve consistency with rec- 
ommended practices in laboratories 
where research with low-risk human 
pathogens is conducted. 


The PRG-NIH call for posting of 
the universal biohazard sign on stor- 
age freezers and refrigerators. This ad- 
ditional requirement was specified to 
facilitate safe storage of organisms 
containing recombinant DNA mole- 
cules when research with them is not 
in progress. 

P3 Level. In the PRG-NIH, a con- 
trolled access area is defined as one 
that separates the P3 laboratory from 
areas open to unrestricted traffic flow. 
Access procedures for this area are 
specified, clarifying the juxtaposition 
of the P3 laboratory and uncontrolled 
areas. 

The PRG-NIH require the installa- 
tion of foot, elbow, or automatically 
operated facilities for washing hands 
in laboratories in which P3-level work 
is conducted. This additional require- 
ment was made to eliminate the possi- 
bility of contaminating faucets 
through contact. The requirement is 
consistent with practices common to 
infectious disease laboratories. 

The PRG-NIH would permit recircu- 
lation of untreated air within individt- 
al rooms of the P3 laboratory. Such 
recirculation can conserve energy 
without compromising safety. Refer- 
ence to recirculation of treated air to 
other areas of the building has been 
eliminated, because this approach to 
energy conservation is generally not 
practical. 

Some commentators pointed out 
that the PRG-RAC did not require an 
autoclave in the P3 laboratory itself 
but only within the building. It. has 
been suggested that the autoclave 
should be as close as possible to the 
controlled area of the P3 laboratory. 
The language of the 1976 guidelines, 
stating a preference for the autoclave 
to be within the controlled laboratory 
area, is therefore retained in the 
PRG-NIH. A requirement, however, 
that the autoclave be within the con- 
trolled area would increase costs, and 
in the view of NIH would not add mea- 
surably to safety. 

P4 Level. In the PRG-NIH the mini- 
mal age for entry into a P4 laboratory 
has been raised to 18 years, the com- 
monly accepted legal age. 

The PRG-NIH specify containment 
equipment appropriate for the isola- 
tion of experimental animals. This was 
added because the lack of guidance in 
the current guidelines has led to con- 
fusion in their application to animal 
experimentation. 

The PGR-NIH provide flexibility in 
selecting combinations of physical and 
biological containment to be used for a 
given experiment. All possible combi- 
nations available for selection achieve 
P4-level safety objectives. This ap- 
proach -was patterned after the guid- 
ance provided in the NIH/EMBO 
report. 


The PRG-NIH specify design crite- 
ria for a suit area where personnel 
wear positive-pressure suits that are 
ventilated by life-support systems. 
This provides an option to the class III 
cabinet-system requirement at the P4 
level of physical containment. This 
option has been used successfuly in re- 
search with extremely hazardous 
human pathogens. Without compro- 
mising safety, it provides an opportu-. 
nity to conduct research procedures 
that cannot be confined to convention- 
al class III cabinet systems. 

Shipment. In the PRG-NIH, the la- 
beling requirements for the shipment 
of etiologic agents apply to all organ- 
isms containing recombinant DNA 
molecules, rather than to just those 
containing molecules derived from an 
etiologic agent listed in 42 CFR 177.25. 
This change was made in order to 
insure that the Center for Disease 
Control, U.S. Public Health Service, 
would be notified in the event of acci- 
dental breakage during shipment. The 
PRG-NIH also specify that agents re- 
quiring P4 physical containment must 
be shipped by registered mail or an 
equivalent system that provides for 
sending notifications to the shipper 
immediately upon delivery. This 
change would impose on the shipment 
of organisms requiring P4 contain- 
ment the same standards used for 
shipment of high-risk human patho- 
gens. 

Biological containment 


A number of alternate systems for 
biological containment are being de- 
veloped by NIH grantees, including 
ones using Bacillus subtilis and Sac- 
charomyces cerevisiae. To assure ade- 
quate safety control, a new section of 
certification of host-vector systems 
has been added to the guidelines. HV1 
systems other than E. coli K-12 are re- 
viewed by an expert working group, 
then by the RAC, which makes appro- 
priate recommendatons to the Direc- 
tor, NIH. Descriptions of the organ- 
ism, its biology, and the characteristics 
of the particular strains to be used are 
considered. The same standards of 
safety and risk associated with the use 
of E. coli K-12 will apply to any new 
host-vector systems to be certified in 
the future. 

HV2 Level. For the HV2 level of con- 
tainment, the RAC, on June 23, 1977, 
unanimously approved a document en- 
titled “Instructions to Investigators 
Concerning Data To Be Submitted on 
Host-Plasmid Systems Proposed for 
EK2 Certification.” Although not offi- 
cially part of the PRG-RAC, this doc- 
ument sets forth criteria that any pu- 
tative EK2 host-vector systems must 
meet before recommendation by the 
RAC for certification (see appendix H 
of the October 1977 EIS). The commit- 
tee applied these criteria in- reviewing 
new systems (pBR322 and pBR313 in 
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x1776) at the June 23 meeting, and 
will do so for all future submissions. 
These criteria are clearly more strin- 
gent than previous ones, and this 
means that EK2 host-vector systems 
approved now and in the future will be 
even safer than those approved previ- 
ously. 

HV3 Level. Requirements for HV3 
systems have been made more strin- 
gent that those in the 1976 guidelines. 
The additional requirements mean 
that only some HV2 systems are eligi- 
ble for consideration as HV3 systems. 
This should significantly increase the 
containment of HV3 systems and 
therefore increase the safety of ex- 
perimentation. In addition, attempts 
to develop HV3 systems that meet 
these criteria should simultaneously 
upgrade the HV2 systems in use, since 
it is to the experimenter’s advantage 
to use the HV2 systems that have the 
greatest likelihood of meeting HV3 cri- 
teria. 

Certification of HV Systems. A new 
section has been added to clarify re- 
sponsibility for certification of all 
host-vector systems, the types of data 
to be submitted, and the mechanisms 
for distributing strains once certified. 
The section delineates procedures 
used by the RAC for the past year and 
thus represents no change from prac- 
tices under the 1976 guidelines. 

Under the PRG-NIH, HV1 systems 
other than E. coli K-12 and HV2 and 
HV3 systems are considered by an 
expert working group and then by the 
RAC, which makes appropriate recom- 
mendations to the Director, NIH. 
Modifications of HV2 and HV3 sys- 
tems must be independently certified 
by NIH. Data to be submitted are de- 
tailed. All HV2 and HV3 systems are 
to be obtained from NIH or its desig- 
nee, and recipients are to report to 
NIH any discrepancies from the ex- 
pected properties. If the strains are 
propagated by NIH, a sample will be 
tested for relevant properties prior to 
distribution. The requirements assure 
adequate controls in the certification 
and distribution of host-vector systems 
and provide sufficient protection 
against potential hazards to the envi- 
ronment. 

Containment Properties of Hosts 
and Vectors. In regard to containment 
properties of individual organisms 
used in recombinant DNA research, 
recent experimental evidence supports 
the view that biological containment 
works well. This is particularly borne 
out by results from experiments spe- 
cifically designed to test the survivabi- 
lity and colonizing ability of E. coli K- 
12 and EK2 host-vector systems and 
the transmissibility of plasmids and 
phage vectors. 

At the time of the release of the cur- 
rent guidelines in 1976, EK2 systems 
were defined but none existed. An ex- 
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tramural contract program was initiat- 
ed to develop safer host-vector systems 
and to verify their genotypic constitu- 
tion and phenotypic traits. The pro- 
gram is administered by the National 
Institute of Allergy and Infectious Dis- 
eases. The ability of these systems to 
survive in laboratory and natural envi- 
ronments was determined. As a result 
of this contract program and of work 
by other investigators, a series of EK2 
host-vector systems was developed. 
The RAC subjected these to great 
scrutiny and finally recommended 
them for certification. A list of certi- 
fied EK2 host-vector systems appears 
= pepe H of the October 1977 
EIS. 


III. CONTAINMENT GUIDELINES FOR 
COVERED EXPERIMENTS 


Analysis of Current Guidelines 


E. Coli K-12 Host-Vector Systems 


The several levels of physical and 
biological containment are defined in 
part II, and specific recommendations 
are given for experiments using the E. 
coli K-12 host-vector systems. Each 
type of experiment is assigned both a 
physical containment level (that is, a 
P level) and a biological containment 
level (an EK level). The particular 
combination of the two reflects the se- 
verity of the estimated potential 
hazard.* 

The guidelines are organized, for the 
E. Coli systems, according to the 
source and nature of the foreign DNA. 
A sample of DNA containing essential- 
ly all the genetic information of an or- 
ganism can be isolated and fragment- 
ed. If the experiment involves such a 
mixture of DNA fragments, it is re- 
ferred to as a “shotgun” and will call 
for a certain level of containment. Ex- 
periments involving such mixtures of 
DNA fragments are assumed to be of 
higher potential hazard than those 
done with a single, purified fragment, 
because of the greater likelihood of 
dangerous and unknown genes being 
introduced into a recipient cell. Puri- 
fied fragments containing mainly 
genes whose properties are known and 
are not harmful offer less potential 
hazard than a shotgun experiment. 

In some instances, the foreign DNA 
will be derived from extra chromoso- 
mal genetic elements. Such elements 
include the DNA of animal viruses, 
plant viruses, other eukaryote organ- 
elles such as mitochondria and chloro- 
plasts, as well as prokaryote plasmids 
or bacteriophages of the same type 
used as vectors. Each of these cases is 
treated separately in the guidelines. 
The prokaryote sources are treated 
differently, depending on whether the 


3In the PRG-NIH the EK systems are in- 
cluded in the broader HV (host-vector) cate- 
gories created to accommodate potential 
systems ranging beyond E. Coli K-12. 
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“foreign” DNA is from an organism 
that does or does not exchange genetic 
information with E. Coli in nature. 

The physical and biological contain- 
ment is listed for various possible DNA 
sources: both must be used, as they 
complement each other. For example, 
DNA from primates requires the most 
stringent containment, since the esti- 
mated potential hazard, either from 
genes that might function in humans 
with untoward effects or from patho- 
genic viral DNA’s residing in primate 
tissue, is judged to be most serious. 
The experiments now require either 
P3 + EK3 or P4 + EK2; and it should 
be noted that only the latter combina- 
tion is feasible at present, and then 
only at the limited number of P4 fa- 
cilities. 

In two instances—primates and cold- 
blooded vertebrates—containment re- 
quirements are lower if the DNA is iso- 
lated from embryonic tissue, or germ- 
line material, since such material is 
less likely to be contaminated by 
pathogenic viruses than is adult tissue. 
Thus, if the foreign DNA is from cold- 
blooded vertebrates, P2 and EK2 are 
required, but P2 and EK1 can be used 
if the DNA is from embroyonic or 
germ-line tissues. If the cold-blooded 
vertebrate is known to produce a 
potent toxin, P3 and EK2 must be 
used. In some instances—lower eukar- 
yotes, for example—the guidelines re- 
quire more or less stringent condi- 
tions, depending on whether or not 
the source of foreign DNA is known to 
be pathogenic or toxigenic, or might 
be infected with a pathogen, or is 
known to make a harmful product. 

The guidelines for shotgun experi- 
ments, when the source of the DNA is 
a prokaryotic organism, may_be sum- 
marized. First those prokaryotes that 
are known to exchange genetic infor- 
mation with £. Coli in nature are con- 
sidered. The containment require- 
ments are low for this group, since it is 
unlikely that the experiments will 
create new genetic combinations. Re- 
quirements vary with the pathogeni- 
city of the source of foreign DNA. 
When the source is a prokaryote that 
does not naturally exchange genetic 
material with E. Coli, the containment 
recommendations are high, for there 
is a greater potential for new genetic 
combinations to be formed and ex- 
pressed. Further, it is assumed that 
the more similar the DNA’s of donor 
and host, the greater the probability 
of expression of foreign DNA or of 
derepression of host genes. 

Characterized clones obtained from 
shotgun experiments may not be as 
potentially hazardous as the original 
mixture of cells. Cloning of the recipi- 
ent host cell containing the DNA frag- 
ment of interest will be one of the 
normal aims of any recombinant DNA 
experiment. The guidelines state that 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





33116 


experiments involving a clone derived 
from a shotgun experiment can be 
‘done under Pl + EK1 conditions if 
the clone has been rigorously charac- 
terized and is free of harmful genes 
and if the foreign DNA was from a 
species that exchanges genes with E. 
Coli in nature. If the foreign DNA was 
from a species that does not do so, 
then P2 + EK1 is required. 

Similarly, when the initial recombin- 
ation involves a purified segment of 
the foreign.chromosomal DNA, rather 


than a mixture, the potential for’ 


growth of a hazardous organism will 
be less, since the number of clones 
that must be examined to obtain the 
desired clone is markedly reduced. If 
certain criteria for purity are met, the 
investigator may lower the contain- 
ment conditions from those recom- 
mended for shotgun experiments with 
DNA of the same source by one step 
either in physical containment or bio- 
logical containment. Thus, for exam- 
ple, shotgun experiments with DNA 
from birds require P3 + EK2. A DNA 
fragment from birds that is free from 
harmful genes, and 99-percent purer 
before being joined to a vector, would 
require either P2 + EK2 or P3 + EK1. 

The final group of E. Coli experi- 
ments considered are those in which 
the foreign DNA is itself from an ex- 
trachromosomal element. It is as- 
sumed that such DNA is purified away 
from chromosomal DNA before recom- 
bination. For example, DNA from all 
or part of the genome of an animal 
virus requires P4 physical containment 
and an EK2 host-vector system, or P3 
+ EK3. If the recombinants have been 
purified by cloning and shown to be 
free of harmful regions of the viral 
genome, then experiments can be at 
P3 + EK2. 

When complementary DNA’s, syn- 
thesized in vitro from RNA prepara- 
tions, are used in recombinant DNA 
experiments, the containment require- 
ments are as described for isolated 
DNA preparations. 

Animal host-vector systems 


Many recombinant DNA _ experi- 
ments will involve the use of systems 
in which the host cells are eukaryotes 
grown as single cells in tissue culture. 
Useful vectors may include extrachro- 
mosomal DNA elements, such as the 
DNA of organelles or viruses. The cells 
themselves are fragile and fastidious, 
and there is little or not chance that a 
living cell could escape from a labora- 
tory in the way than an E. coli cell 
might. Therefore, containment consid- 
erations focus on the vectors. 

Animal viruses can escape the labo- 
ratory in a viable form, especially if 
laboratory workers become infected. 
There are now two animal viruses 
whose DNA’s are useful as vectors: po- 
lyoma and simian virus 40 (SV40). 
Both viruses are oncogenic—that is, 
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they cause tumors in small newborn 
laboratory mammals. Polyoma virus, 
however, does not infect human cells 
grown in the laboratory or, judged by 
the lack of antibody formation, infect 
whole human beings. SV40 does colo- 
nize humans. Indeed, the virus con- 
taminated the early Salk polio vaccine, 
and millions of people were inadvert- 
ently inoculated with in in the 1950’s. 
To date, there is no indication that 
the recipients suffered any related dis- 
ease. But under the Guidelines, more 
stringent physical containment is re- 
quired for SV40 than for polyoma. 

The Guidelines require that the 
viral DNA used for recombination 
with a foreign DNA must itself be de- 
fective—that is, its propagation as a 
virus must be dependent on the pres- 
ence of helper virus that supplies the 
genes for the missing functions. This 
helper can be nondefective under cer- 
tain conditions. In some experiments, 
no production of viral particles is re- 
quired and no helper may be needed. 
Biological containment is inherently 
greater in the absence of virus parti- 
cles, since cells themselves are rela- 
tively easy to contain. In experiments 
using a virus as vector, the particular 
levels of physical containment depend 
on the source of the foreign DNA, on 
whether polyoma or SV40 is the 
chosen vector, and whether virus par- 
ticles are produced. 


Plant host-vector systems 


The Guidelines also cover experi- 
ments in which plant cells will serve as 
hosts for recombinant DNA. The cells 
might be single plant cells grown 
under laboratory conditions, or seed- 


lings, plant parts, or small whole 
plants. This is the only instance where 
the Guidelines address the question of 
recombinant DNA experiments with 
whole organisms. Directions are given 
for modification of the specifications 
for Pl, P2, and P3 containment in 
order to provide conditions appropri- 
ate for work with plants. 

Vectors for use in experiments with 
plants include plant organelle DNA 
such as that of chloroplasts, and DNA 
of viruses of low pathogenicity and re- 
stricted host range. These vectors 
offer moderate levels of biological con- 
tainment. The requirements are orga- 
nized according to the source of the 
foreign DNA and to whether it is a 
species in which the vector DNA is 
known to replicate. P2 conditions are 
required if the source is not dangerous 
and is one in which replication of the 
vector occurs. If the foreign DNA is 
derived from a species in which the 
vector is not known to replicate, then 
requirements range up to P4 depend- 
ing on whether the DNA is purified 
and whether it contains harmful 
genes. 


Other host-vector systems 
Theoretically, there are a variety of 
organisms, both prokaryotes and lower 
eukaryotes such as fungi and yeast, 
which will be useful hosts for experi- 
ments with recombinant DNA’s. Some 
may offer the special advantage of not 
infecting humans, animals, or other 
important ecological niches. The 
growth characteristics of such hosts 
indicate that containment problems 
will be like those for E. coli K-12. The 
Guidelines urge development of these 
systems and point out that the de- 
tailed recommendations made for E. 
coli K-12 systems can serve as a guide 
in determining physical and biological 
containment requirements when nec- 
essary. 
Alternatives: RAC-Proposed Revisions 


A major concern for all individuals 
who have participated in establishing 
guidelines for recombinant DNA re- 
search is that any guidelines that are 
drafted and adopted be reassessed pe- 
riodically and changed when warrant- 
ed by new information. In keeping 
with this responsibility, the RAC has 
compiled additional information per- 
taining to risk assessment in recombin- 
ant DNA-research. The information is 
from the following sources: 


@ Consultations with _ scientists 
expert in the areas of evolution, plant 
biology, bacteriology, virology, and 
human and animal infectious diseases; 

@ Reports from scientific meetings 
dealing with the potential biohazards 
of recombinant DNA research (for ex- 
ample, Tenth Miles International 
Symposium on Recombinant Mole- 
cules—Impact on Science and Society, 
Cambridge, Mass., June 1976; National 
Academy of Sciences Forum on Re- 
combinant DNA Research, Washing- 
ton, D.C., March 1977; Genetic Engi- 
neering for Nitrogen fixation, Brook- 
haven, N.Y., March 1977; and the 
Workshop on Studies for-Assessment 
of Potential Risks Associated with Re- 
combinant DNA Experimentation, Fal- 
mouth, Mass., June 1977); 

@ Results from experiments specifi- 
cally designed to test (1) the survivabi- 
lity and colonizing ability of E. coli K- 
12 and EK2 host-vector systems, (2) 
the transmissibility of plasmids and 
phage vectors, (3) the potential of E. 
coli K-12 for pathogenicity, and (4) 
the potential for genetic exchange be- 
tween diverse bacteria and between 
prokaryotic and eukaryotic organisms. 


Each category of experiments in 
Part III of the 1976 Guidelines was 
then extensively examined, and the 
following criteria were applied to the 
new information: 


@ The degree to which the DNA seg- 
ment has been purified away from 
other genes and shown to be free of 
harmful characteristics, 
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@ The potential biohazard associat- 
ed with the DNA of the cell or micro- 
organism that serves as the DNA 
source (e.g., genes for toxin produc- 
tion), 

@ The potential biohazard associat- 
ed with the vector that serves to trans- 
mit the source DNA to a recipient host 
cell, : 

@ The ability of the vector to sur- 
vive in natural environments or habi- 
tats, 

@ The kinds and number of organ- 
‘isms that are susceptible to infection 
by the vector or recipient, 

@ The potential biohazard of the re- 
cipient host cell that serves to repli- 
cate the recombinant DNA molecules, 

@ The ability of the host cell to sur- 
vive in natural environments or habi- 
tats, 

@ The ability of the host cell to 
transmit the recombinant DNA mole- 
cule to other cells capable of surviving 
in natural environments or habitats, 

@ The potential of the host cell to 
obtain the source DNA by natural 
means, and 

@ The evolutionary relatedness of 
the DNA source to humans. The po- 
tential dangers are. considered to in- 
crease as the organism providing the 
source DNA approaches humans phy- 
logenetically. For example, source 
DNA from primate cells is considered 
to be more potentially dangerous than 
that from prokaryotes. 


In an effort to present more clearly 
the changes in containment levels pro- 
posed by the PRG-RAC, a table was 
prepared for use at the December 1977 
DAC meeting which compared the 
‘ containment levels in the original 
(current) Guidelines and the PRG- 
RAC. This table has now been expand- 
ed with a third column to show the 
containment levels of the PRG-NIH 
(Appendix A). The remainder of this 
section summarizes a number of the 
proposed changes, comparing the cur- 
rent Guidelines with the PRG-RAC. 
(Not all the changes are discussed 
here; certain items in which the PRG- 
NIH differs significantly from the 
PRG-RAC are discussed below under 
“Alternatives: Public Commentators.” 
The numbers in parentheses indicate 
the line numbers on the table to 
which the proposed revision applies. 


@ Several categories of experiments 
(primarily those involving prokaryotes 
that are exchangers of genetic infor- 
mation with E. coli in nature) would 
no longer be subject to the Guidelines 
because of the changes in the defini- 
tion. (See lines 20, 21, 27, 46, and 47.) 

@ Shotgun experiments involving 
birds and mammals other than pri- 
mates were the subject of lowering of 
containment from P3+EK2_ to 
P2+EK2. This action reflects the in- 
creased confidence of the RAC in the 
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EK2 host-vector systems. (See lines 4 
and 5.) 

@ Another category which the RAC 
decided was in need of revision was 
that pertaining to the cloning of DNA 
from organisms producing a _ toxic 
product. This was clarified in the 
PRG-RAC by setting containment 
levels according to whether polypep- 
tide toxins are produced. Polypeptide 
toxins are specified, since they might 
be encoded by a single gene or cluster 
of genes, whereas toxins of other 
chemical structure would not. (See 
lines 8, 9, 10, 11, 12, 16, 17, and 19.) 

eFor several categories of experi- 
ments, it is proposed that the investi- 


.gator have the option of working at 


P2+EK1 or P1+EK2 rather than the 
P2+EK1 levels previously specified. 
This again reflects confidence in the 
EK2 systems. (See lines 7, 14, and _ 15.) 

eThe lowering of containment for 
experiments with rigorously charac- 
terized clones free of harmful genes 
has been revised to provide more flexi- 
bility. Under the PRG-RAC, Institu- 
tional Biosafety Committees (IBC’s) 
would be able to lower containment by 
a single level. The IBC should consider 
the purity, extent of characterization, 
and harmlessness of the clone before 
allowing such lowering. Reduction of 
containment by more than one level 
would require approval by NIH. Under 
the 1976 Guidelines, NIH had the 
option of lowering containment down 
to certain specified levels or not lower- 
ing it at all. The PRG-RAC would 
allow NIH to consider all available 
data for the clone and to lower con- 
tainment accordingly. 


Alternatives: Public Commentators 


During the development of the origi- 
nal Guidelines in early 1976, Part ITI 
was the section most commented 
upon. There was also much comment 
on this section in the PRG-RAC. 
Many of the issues raised, however, 
did not address the specific proposals 
to alter the containment levels but 
more general topics, such as the need 
for a rationale for each of the 
changes. 


Rationale 


A number of commentators asked 
that the rationale for the classifica- 
tion of permissible experiments be elu- 
cidated. Concern was expressed that: 


@ It was difficult for a layman to un- 
derstand the entire section on permis- 
sible experiments because the ratio- 
nale is not detailed in either the cur- 
rent Guidelines or the PRG-RAC; 

e@ The whole categorization is de- 
pendent upon investigatorial confi- 
dence rather than documented fact; 
and 

@ The quantification of containment 
levels, the means whereby they were 
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decided, and the rationale for raising 
and lowering them is not clear. 


In general, the classification is some- 
what arbitrary. It depends in large 
part on the scientific judgment of the 
RAC rather than on demonstrable 
risk, because there is in fact no actual 
scientific evidence that there is a 
hazard in any recombinant DNA ex- 
periment. The rationale for classifying 
recombinant DNA experiments at sev- 
eral containment levels was explained 
in the “Decision of the Director, Na- 
tional Institutes of Health, To Release 
Guidelines for Research on Re- com- 
binant DNA Molecules,” which was 
published along with the current 
Guidelines in the FEDERAL REGISTER on 
July 7, 1976 (page 27908), as follows: 


The guidelines assign different levels of 
containment for experiments in which DNA 
from different sources is to be introduced 
into an E. coli K-12 host-vector system. The 
variation is based on both facts and assump- 
tions. There are some prokaryotes (bacteria) 
that constantly exchange DNA with E. coli. 
Here it is assumed that experimental condi- 
tions beyond those obtained in careful, rou- 
tined microbiology laboratories are super- 
fluous, because any exchange experiments 
have undoubtedly been performed already 
in nature. 

In every instance of artificial re- combina- 
tion, consideration must be given to the pos- 
sibility that foreign DNA may be translated 
into protein (expressed), and also to the pos- 
sibility that normally repressed genes of the 
host may be expressed and thus change, un- 
desirably, the characteristics of the cell. It 
is assumed that the more similar the DNAs 
of donor and host, the greater the probabil- 
ity of expression of foreign DNA, or of pos- 
sible derepression of host genes. In those 
cases where the donor exchanges DNA with 
E. coli in nature, it is unlikely that recom- 
bination experiments will create new genet- 
ic combinations. When prokaryote donors 
not known to exchange DNA with E. coli in 
nature are used, however, there is a greater 
potential for new genetic combinations to be 
formed and be expressed. Therefore it is re- 
quired that experiments involving prokaryo- 
tic DNA from a donor that is not known to 
exchange DNA with E. coli in nature be car- 
ried out at a higher level of containment. 
Recombination using prokaryotic DNA from 
an organism known to be highly pathogenic 
is prohibited. 

There are only limited data available con- 
cerning the expression of DNA from higher 
forms of life (eukaryotes) in E. coli (or any 
other prokaryote). Therefore, the contain- 
ment prescriptions for experiments insert- 
ing eukaryotic DNA into prokaryotes are 
based on risks having quite uncertain prob- 
abilities. 

On the assumption that a prokaryotic 
host might translate eukaryotic DNA, it is 
further presumed that the product of that 
foreign gene would be most harmful to man 
if it were an enzyme, hormone, or other pro- 
tein that was similar (homologous) to pro- 
teins already produced by or active in man. 
An example is a bacterium that could pro- 
duce insulin. Such a “rogue” bacterium 
could be of benefit if contained, a nuisance 
or possibly dangerbus if capable of surviving 
in nature. This is one reason that the 
higher the phylogenetic order of the eukar- 
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yote, the higher the recommended contain- 
ment, at least until the efficiency of expres- 
sion of DNA from higher eukaryotes in pro- 
karyotes can be determined. 


The structure of the classification 
for permissible experiments is based, 
therefore, on the scientific assump- 
tions governing potential risk. It 
should be emphasized that although a 
wide variety of recombinant DNA ex- 
periments have now been performed 
for over 5 years, in hundreds of labora- 
tories throughout the world, no case 
of hazard has been demonstrated. 

Part III of the Guidelines assigns to 
each specified class of experiments a 
level of physical containment and a 
level of biological containment at 
which the experiments shall be per- 
formed. As noted before, there is a 4-5 
log protection in going from P1 to P3 
or from P3 to P4. For biological con- 
tainment, there is the criterion for the 
HV2 system that the chances of the 
recombinant DNA escaping, either via 
survival of the organisms or via trans- 
mission of recombinant DNA to other 
organisms, should be less than 107° (1 
in 100,000,000) under specified condi- 
tions. 

Commentators said that the revi- 
sions did not bring the Guidelines any 
closer to establishing absolute levels of 
hazard. It was brought out, however, 
that in the use of E. coli K-12, a level 
of no risk is neared. Data presented at 
the Falmouth Conference indicate 
that it is essentially impossible for E. 
coli K-12 to be transformed into a 
wild-type pathogen. An E. coli K-12 
containing toxic genes through recom- 
bination could present a risk, for ex- 
ample, to the laboratory worker who 
ingested it. But it would only be a risk 
to that person. 

Harmful genes will have a very low 
probability of being transfered from E. 

_coli to another organism. For exam- 
ple, the plasmids at the HV2 level are 
engineered so that they neither self- 
transfer, nor transfer when another 
plasmid induces conjugation. Current 
work is designed to determine the 
probability of E. coli K-12 as a host 
taking up plasmids from the environ- 
ment that can then receive the recom- 
binant DNA molecules from the engi- 
neered plasmid. Recent data indicate 
that the probability is extremely low. 
Thus, it is clear that this host-vector 
system offers a high degree of safety 
and at present is preferable to any 
other. 

Comments on use of E. coli K-12 


A number of comments were made 
concerning the use of E. coli host- 
vector systems. One commentator 
stressed that because E. coli K-12 is 
currently a “poor” pathogen does not 
mean that one or two genes might not 
convert it to a “good” pathogen. The 
enfeebled nature of E. coli K-12 “is 
presumably the consequence “of 
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mutation(s) introduced during its labo- 
ratory passage,” but different strains 
of K-12 with different histories may 
not all be similarly enfeebled. 

Further, it was claimed that the fail- 
ure to conver K-12 to a pathogen by 
the use of certain plasmids or Salmo- 
nella genes is not definitive. To be de- 
finitive, we must have the detailed 
nature of the mutations in K-12 that 


“prevent the expression of pathogeni- 


city.” Also, it was noted that there is 
no way to assess the absolute risk asso- 
ciated with these ,experiments, and 
that it is important to assess the po- 
tential harm not only to man but to 
plants, animals, and the environment. 

Another commentator urged that 
this section of the Guidelines be sup- 
plemented with evidence from the Fal- 
mouth conference to show that the 
potential risk is minimal. A commenta- 
tor cited the potential risk on the basis 
that “virtually any highly conserved 
physiologically active eukaryotic 
protein *** or fragment thereof 
could be highly toxic when introduced 
out of context by a bacterium which 
received the appropriate gene in a re- 
combination experiment.” This criti- 
cism of E. coli K-12 does not detract 
from the scientific knowledge over the 
past two years of the great safety of 
this system. The evidence is presented 
in detail in the following section, “En- 
vironmental Impact of the Proposed 
Action.” 

Different strains of K-12 with differ- 
ent histories may not all be similarly 
enfeebled, and failure so far to convert 
K-12 to a pathogen does not prove it 
can never happen. However, the safety 
of E. coli K-12 has been clearly shown, 
and there is no need to limit or specify 
particular strains for EK1. After 30 
years of work with many different 
strains, there is still no known patho- 
genic E. coli K-12 strain. Thus, there 
is presumptive evidence that all K-12 
strains are safe. They are well suited 
for laboratory experiments because 
they take up DNA easily, but their cell 
wall makes them unsuited to compete 
in nature with wild-type E. coli. 

Still, it is.impossible to refute the 
criticism that absolute conclusions as 
to risk have not been reached. There is 
always one more experiment to be per- 
formed that would help in analyzing 
the safety aspects of any potentially 
hazardous research activity. Two years 
ago the Director, NIH, in releasing the 
Guidelines, stated that NIH would 
proceed with recombinant DNA work 
in a deliberately cautious manner 
while simultaneously evaluating all 
the evidence pertaining to the poten- 
tial risks. That statement is reaf- 
firmed. 


General classification 


There was disagreement expressed 
over whether the PRG-RAC were too 


stringent or too lax. Those arguing the 
former position maintain that the 
RAC did not relax the Guidelines 
enough, because all the experimental 
evidence gathered and analyzed in the 
past 2 years indicates that the initial 
fears concerning the potential hazards 
were severely exaggerated. It was also 
pointed out that recombinant DNA ex- 
periments not allowed under the cur- 
rent NIH Guidelines are proceeding 
with the approval of responsible na- 
tional committees in a number of Eu- 
ropean countries. 

Those concerned that the PRG- 
RAC were too lax point to the inade- 
quacy of experimental data for a 
sound evaluation of the potential 
risks. And they argue that a recombin- 
ant DNA experiment permitted under 
less stringent safety conditions in 
Europe is irrelevant to the establish- 
ment of standards in the United 
States. 

One of the comments at the Decem- 
ber 1977 DAC meeting was that “‘‘the 
NIH Guidelines do not adequately 
deal with the use of recombinant DNA 
in plants * * *.” Other commentators 
expressed similar sentiments, includ- 
ing the suggestion that ‘‘a subcommit- 
tee be formed to deal with plants and 
plant pathogens and make specific rec- 
ommendations for revision of the 
Guidelines.” In response to this, a 
Workshop on Risk Assessment of Agri- 
cultural Pathogens, composed of dis- 
tinguished American. plant patholo- 
gists, was held on March 20-21, 1978 
(as announced on March 6 in the FeEp- 
ERAL REGISTER). Sponsored by the U.S. 
Department of Agriculture, the Na- 
tional Science Foundation, and the 
National Institutes of Health, the 
report of the Workshop is Appendix G 
to this document. The report was pre- 
sented to the RAC at its meeting of 
April 27-28, 1978, and was unanimous- 
ly endorsed with certain minor amend- 
ments. These recommendations, with 
certain additional minor amendments, 
have been incorporated into the PRG- 
NIH. 

Two new paragraphs have been in- 
serted at the beginning of Part ITI of 
the PRG-NIH. The first reminds the 
reader to consult Part I, “where a list- 
ing is given of prohibited experiments 
and experiments exempt from these 
Guidelines.” The second is a “general 
flexibility clause.” 

Insertion of the latter passage was 
recommended by the RAC at its April 
27-28 meeting. It recognizes that the 
classification of experiments given in 
Part III will necessarily be imperfect 
as investigators in, the future devise 
ways to conduct recombinant DNA re- 
search which are not currently fore- 
seen and therefore not explicitly con- 
sidered in the Guidelines. Also, new 
data may become available showing 
that certain experiments are clearly 
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more (or less) safe than seen at this 
time and that the currently assigned 
containment level should be changed. 
Therefore the inserted passage states 
that “changes in these levels for spe- 
cific experiments (or the assignment 
of levels to experiments not explicitly 
considered in this section) may be ex- 
pressly approved by the Director, NIH, 
on the recommendation of the Recom- 
binant DNA Advisory Committee.” 


Permissible experiments using E. Coli 
K-12 host-vector systems 


Eukaryotic DNA Sources. There was 
disagreement over those provisions in 
the Guidelines that allow the princi- 
pal investigator to choose between two 
combinations of containment proce- 
dures. In several instances, for exam- 
ple, one is permitted to use P2+EK1 
or P1+EK2. 

This flexibility provision was en- 
dorsed by some commentators but 
questioned by others. It was discussed 
above in Part II. This concept of inves- 
tigator flexibility is not a new one; it 
was allowed under the original Guide- 
lines. Based upon events of the past 
two years, the RAC merely proposed 
that the principle be extended to cer- 
tain specified additional cases where 
they believe it appropriate. Included 
in the PRG-NIH are al! such specific 
cases of flexibility recommended in 
the PRG-RAC. 

On the other hand, in certain other 
specific cases (e.g., DNA from birds), 
the PRG-RAC recommended that the 
containment level be P2+EK2, with- 
out the option of P3+EK1. Certain 
commentators urged that in all cases 
where the containment level of 
P2+EK2 is given, the option of 
P3+EK1 be allowed. However, the 
RAC felt that in view of their in- 
creased confidence in the iological 
containment offered by the EK2 
system, P2+EK2 offers more contain- 
ment than P3+EKi, and _ that 
P2+EK2 without the option of 
P3+EK1 should be the containment 
level for certain specified classes of ex- 
periments. Therefore, there is speci- 
fied in the PRG-NIH the containment 
levels of P2+EK2 without the option 
of P3+EK1 in every case where it ap- 
peared in the PRG-RAC. 

Discussed below and in the accompa- 
nying ‘‘Decision” document is the reas- 
sessment which was made of the clon- 
ing of viral DNA into E. coli K-12 at 
the Ascot Workshop and the April 6-7, 
1978, Working Group meeting that en- 
dorsed the Ascot report. The RAC at 
its April 27-28 meeting unanimously 
endorsed the Working. Group report 
recommending lower containment 
levels for deliberate cloning of viral 
DNA into E. coli K-12. One of the rea- 
sons given originally for the higher 
containment level for shotgun experi- 
ments involving primate DNA into E. 
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coli K-12 was the possible inadvertant 
cloning of viral DNA. In view of their 
recommendation of lower containment 
for deliberate cloning of viral DNA 
into E. coli K-12, the RAC on April 
27-28, 1978, reconsidered primate shot- 
gun levels and voted unanimously for 
new language as follows: “Primates. 
P2 physical containment + an EK2 
host-vector. Any lowering of contain- 
ment below these levels (i.e., for puri- 
fied DNA or characterized clones) 
cannot be made solely by an institu- 
tional biosafety committee but re- 
quires NIH approval.” This new lan- 
guage is inserted in the PRG-NIH, as 
well as a similar lowering of contain- 
ment for shotgun cloning of cold- 
blooded vertebrate DNA into E. coli 
K-12. 

Prokaryotic DNA Sources. In the 
1976 guidelines the section dealing 
with shotgun experiments in which 
prokaryotic DNA is inserted into E. 
coli K-12 was subdivided into two 
parts—“Prokaryotes That Exchange 
Genetic Information with E. coli’ and 
“Prokaryotes That Do Not Exchange 
Genetic Information with E. coli.” In 
the PRG-RAC it was assumed that all 
prokaryotes that exchange genetic in- 
formation with E. coli would be 
exempt from the guidelines by appear- 
ing on the “list of non-novel exchang- 
ers.” Therefore, the PRG-RAC the 
section dealing with these experiments 
actually considered only prokaryotes 
that did not exchange genetic infor- 
mation with £. coli. The problem with 
this approach was discussed by com- 
mentators, focusing especially on the 
case of Agrobacterium tumefaciens. It 
meant that a prokaryote which ex- 
changes genetic information with E. 
coli, and was therefore properly as- 
signed a low containment level under 
the 1976 guidelines, would under the 
PRG-RAC either appear on the list 
and be exempt from the guidelines or, 
if not appearing on the list for some 
reason, would require in some cases a 
higher containment. This was not the 
intent of the RAC. Therefore, the 
RAC agreed at their April 27-28 meet- 
ing that language should be reinserted 


into the PRG-NIH covering prokar-- 


yotes that exchange genetic informa- 
tion with E. coli but do not appear on 
the list, and this has now been done. 
For prokaryotes that do not ex- 
change genetic information with E. 
coli the PRG-RAC proposed that 
P1+EK2 or P2+EK1 conditions apply 
only in cases of extensive characteriza- 
tion and RAC approval. A number of 
commentators objected. Some felt 
that experiments involving  non- 
pathogenic prokaryotes should be con- 
ducted at these lower levels without 


. extensive characterization or RAC ap- 


proval, and others argued that plant 
pathogens should not be included with 
CDC class 2 agents as requiring 
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P3+EK2 containment. The RAC at 
their April meeting agreed with the 
commentators... Accordingly, this sec- 
tion of the PRG-NIH has been rewrit- 
ten. 

The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search recommends that the contain- 
ment level for ali experiments involv- 
ing the insertion of novel nonpatho- 
genic prokaryotic DNA into E. coli K- 
12 be P1+EK1. Acting conservatively, 
the Director has retained in the PRG- 
NIH the levels of P2+EK1 or EK2 for: 
nonpathogenic prokaryotes that do 
not exchange genetic information with 
E. coli. 

The PRG-RAC received substantial 
criticisms for identifying all agents 
classified as class 2 in the CDC’s publi- 
cation “Classification of Etiologic 
Agents on the Basis of Hazard” 
(fourth edition, July 1974) as being 
pathogenic for the purpose of assign- 
ing containment levels. Several com- 
mentators stated that many of the or- 
ganisms so classified were harmless 
and that others were of such low path- 
ogenicity that severe safety precau- 
tions were unwarranted. It was also 
pointed out that the pathogenicity of 
an intact microorganism and the con- 
jectural hazard of a piece of DNA 
from such an organism with E. coli K- 
12 were quite different matters. The 
suggestion of these commentators has 
been accepted, and thus footnote 1 has 
been added to the PRG-NIH. This 
gives NIH the authority, upon the rec- 
ommendation of the RAC, to consider 
certain class 2 agents as class 1 for the 
purpose of these guidelines. 

Plasmid, Phage, and Virus DNA 
Sources. Many of the commentators 
agreed that both the original guide- 
lines and the PRG-RAC were overly 
stringent with regard to virus experi- 
ments. In commenting on the PRG- 
RAC, the EMBO Standing Advisory 
Committee on Recombinant DNA Re- 
search wrote, “The EMBO Committee 
believes that the containment categor- 
ization of experiments with animal 
virus DNA’s which is proposed by the 
NIH Advisory Committee is too indis- 
criminate and excessively stringent 
considering the proposed classification 
of experiments with other classes of 
DNA and the longstanding, accepted 
safety precautions for handling intact 
virus particles and viral nucleic acids 
***” The EMBO Committee pro- 
posed (1) that experiments with viral 
DNA be considered on a case-by-case 
basis or (2) that a detailed set of rec- 
ommended categories for such experi- 
ments be produced. 

A joint United States-EMBO Work- 
ship To Assess Risks for Recombinant 
DNA Experiments Involving the Gen- 
omes of Animal, Plant, and Insert Vir- 
uses was held in Ascot, England, on 
January 26-28, 1978. The workship 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





33120 


was attended by 27 distinguished virol- 
ogists and other scientists from the 
United States; the United Kingdom, 
West Germany, Finland, France, 
Sweden, and Switzerland. A report was 
published in the FEDERAL REGISTER on 
March 31, 1978 (43 FR 13748) and con- 
stitutes appendix E to the present doc- 
ument. The “Ascot Workshop” con- 
cluded: i 


The probability that K12 organisms carry- 
ing viral DNA inserts could represent a sig- 
nificant hazard to the community is so 
small as to be of no-practical consequence 
* * *. Viral genomes or fragments thereof, 
cloned in E. coli K12 using approved plas- 
mid or phage vectors pose no more risk than 
work with the infectious virus or its nucleic 
acid and in most, if not all cases, clearly 


present less risk. In fact, the workshop par- . 


ticipants agreed that cloning of viral DNA 
in E. coli Ki2 may provide a unique oppor- 
tunity to study with greatly reduced risks 
the biology of extremely pathogenic and vir- 
ulent viruses. 


On April 6-7, 1978 (as announced in 
the Mar. 17 FEDERAL REGISTER), an 
RAC-sponsored working group com- 
posed of distinguished American mi- 
crobiologists met to review the report 
of the Ascot Workshop. The report of 
this working group is appendix F. The 
group unanimously endorsed the 
Ascot report with certain minor 
amendments. Their report was pre- 
sented to the RAC, was unanimously 
accepted, and has been substantially 
adopted in part III of the PRG-NIH. 

Characterized and Purified Clones. 
Concern was expressed by several com- 
mentators about the revisions in the 
PRG-RAC which would allow the 
local IBC (with notification to be sent 
to NIH) to reduce either the biological 
or physical containment level by one 
step if (1) the DNA is 99-percent puri- 
fied and shown to be free of harmful 
genes before its insertion into a recom- 
binant molecules or (2) the clone repli- 
cating the DNA is rigorously charac- 
terized and free of harmful genes. In 
the original guidelines, the reduction 
in case (2) could only be done with 
prior NIH approval. 

There was support from several com- 
mentators for the changes in this sub- 
section. The rationale is explained in 
the PRG-RAC and the PRG-NIH: 


Many of the risks which might conceiv- 
ably arise from some types of recombinant 
DNA experiments, particularly shotgun ex- 
periments, would result from the inadver- 
tent cloning of a harmful sequence. There- 
fore, in cases where the risk of inadvertent- 
ly cloning the “wrong” DNA is reduced by 
prior enrichment for the desired piece, or in 
which a clone, made from a random assort- 
ment of DNA’s, has been purified and the 
absence of harmful sequences established, 
the containment conditions for further 
work may be reduced. 


Some commentators noted the ambi- 
guity and difficulty attendant in the 
phrase “free of harmful genes.” The 
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aforementioned EMBO Committee re- 


ports that “several national guidelines 
for recombinant DNA research state 
that containment measures may be re- 
laxed once a cloned DNA fragment 
has been biochemically characterized 
and shown to be free of harmful genes 
(NIH guidelines) or devoid of any 
known pathogenic characteristic 
(French guidelines). The EMBO Com- 
mittee believes the latter to be a more 
feasible requirement, but neither can 
readily be met, and the committee 
finds it difficult to suggest what sorts 
of experimental tests might be devised 
to meet these requirements.” 

The terms “characterized” and “free 
of harmful genes” are unavoidably 
vague. However, footnote 3 uf the 
PRG-NIH goes on to list five types of 
data which should be considered in 
making this determination. 

Some commentators were also con- 
cerned that this granting of additional 
authority to the local IBCs for single- 
step lowering in containment levels 
might introduce variability in the ap- 
plication of the guidelines. NIH, 
having considered that possibility, has 
decided that the principle of promot- 
ing local involvement in the implemen- 
tation of the guidelines outweighs the 
difficulties that may be encountered 
in this process. In an effort to mini- 
mize these problems, NIH has (1) at- 
tempted to make all parts of the 
guidelines as clear, specific, and unam- 
biguous as possible and (2) expanded 
the “roles and responsibilities” section 
to outline functions and responsibil- 
ities in greater detail: 

Also, the guidelines require that the 
Office of Recombinant DNA Activities 
at the NIH be notified in writing of 
such an action. A mechanism is there- 
fore in place to insure that such ac- 
tions proceed with an _ acceptable 
degree of uniformity. 

The question was raised whether a 
clone of which the containment level 
was lowered by the IBC at Institution 
X may, after shipment to Institution 
Y, be used at the lower level without 
review by Y’s IBC. It has clearly been 
the intention of both the RAC and 
NIH that the IBC at the receiving in- 
stitution must approve the. reduction 
in containment for the handling of the 
clone in such a situation. The investi- 
gator at the receiving institution, how- 
ever, must handle the clone at the 
higher level until such permission is 
granted. 

One commentator urged that prior 
cloning be accepted as a technique for 
the purification of DNA molecules 
before their reinsertion into a recom- 
binant molecule. The PRG-RAC speci- 
fied that purification must be 
achieved “by physical or chemical 
techniques.” The criterion for the 
single-step reduction in . containment 
levels in this situation is that the DNA 


preparation be 99-percent pure. There 
is no reason, the commentator held, to 
restrict the means by which such puri- 
fication is attained. This suggestion 
has been accepted. The words “by 
physical and chemical techniques’”’ fol- 
lowing the work “purified” have been 
stricken from the PRG-NIH, better 
serving the needs of the investigator 
without reducing the margin of safety 
to the public and the environment. 

One commentator noted that the 
PRG-RAC might be interpreted as al- 
lowing a single-step reduction in con- 
tainment levels for purification of the 
DNA before its insertion into a recom- 
binant molecule, and a further single- 
step reduction in containment once 
the same molecule has been cloned. 
This was not intended. Therefore, 
clarifying language has been added in 
the PRG-NIH stating that an IBC 
“may give approval for a single-step 
reduction in physical or biological con- 
tainment on receipt of evidence of 
characterization of a‘ clone derived 
from a shotgun experiment* * *.” 


Permissable Experiments With Eukar- 
yotic Host-Vectors 


Viral Vectors. A number of commen- 
tators felt that the stringent contain- 
ment conditions required, both in the 
original guidelines and in the PRG- 
RAC, for introduction of recombinant 
DNA into tissue culture cells, using 
viruses as vectors, were unwarranted. 
The EMBO Standing Advisory Com- 
mittee on Recombinant DNA Re- 
search wrote: 

In experiments involving the introduction 
of foreign DNA into cultured cells of ani- 
mals using DNA viruses as vectors, biologi- 
cal containment is assured by the very re- 
stricted permissive conditions for the host 
cells; the only routes by which the recom- 
binant molecule might escape are by chance 
infection of a contaminating microorganism 
or within a viral capsid and the size of the 
recombinant molecule may well preclude its 
encapsidation * * *. For example, cloning of 
mouse DNA using polyoma virus as a vector 
and mouse cells as host should not require 
precautions more stringent than those rou- 
tinely used for many years in laboratories 
studying polyoma virus infection of mouse 
cells and mice. The EMBO Committee finds 
the proposals for this class of experiments 
in the revised NIH Guidelines not suffi- 
ciently discriminating because they would 
impose unnecessarily high levels of physical 
containment for experiments with many eu- 
karyotic DNA’s. 

Discussed earlier within the present 
document was the ascot Workshop 
report (appendix E) and the report of 
the Working Group that met on April 
6-7, 1978 (Appendix F). The recom- 
mendations of the Working Group 
have been accepted and incorporated 
into the PRG-NIH. 

Plant Host-Vector Systems. Dis- 
cussed earlier was the Workshop on 
Risk Assessment of Agricultural Path- 
ogens, held on March 20-21, 1978, 
under the sponsorship of USDA, NSF, 
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and NIH. This section of the PRG- 
NIH has been rewritten on the basis of 
the Workshop report (see Appendix G 
of the present document). 

Fungal or Similar Lower Eukaryotic 
Host-Vector Systems. Both the 1976 
Guidelines and the PRG-RAC used 
the same short paragraph for this sec- 
tion, giving little detail, because they 
noted “‘the development of these host- 
vectors is presently in the speculative 
stage.” Since that time a specific host- 
vector system of this class has been 
developed—namely, Saccharomyces 
cerevisiae (baker’s yeast)—and other 
similar systems may soon be proposed. 
Accordingly, this section of the PRG- 
NIH has been expanded to give more 
specific instructions on appropriate 
containment levels. 


Synthetic DNA 


Because synthetic DNA is now ex- 
plicitly included in the PRG-NIH (as 
discussed in Part I of this document), 
it was necessary to add language to 
Part III of the PRG-NIH detailing the 
appropriate containment levels for 
these experiments. The RAC at its 
meeting on April 27-28, 1978, approved 
such language, and it has been insert- 
ed in the PRG-NIH. 


Proposed Action: Environmental 
Impact Assessment 


Discussed in the Director’s ‘“Deci- 
sion” accompanying the original 
Guidelines and in the Environmental 
Impact Statement on their release 
are— 

eTthe containment — safeguards, 
physical and biological, that protect 
the laboratory worker, the general 
public, and the environment; 

eThe criteria for assessing the possi- 
ble dangers from experiments involv- 
ing recombinant DNA molecules; and 

eThe criteria for matching the as- 
sessed possible dangers of individual 
experiments with the appropriate 
safeguards. 

It was these criteria for the selection 
of safeguards that guided the delibera- 
tions of the Recombinant Advisory 
Committee in proposing physical and 
biological containment levels for cer- 
tain classes of experiments. These cri- 
teria were also the basis for recom- 
mendations by the scientific work 
groups on plants and viruses upon 
which the RAC made further recom- 
mendations in April 1978. The basic 
structure of classification for permissi- 
ble experiments is maintained 
throughout the PRG-NIH. 

That structure is based on the host- 
vector system and the source of the 
DNA. The E. coli K-12 host-vector 
system is considered first, then other 
prokaryotic host-vector systems, then 
eukaryotic host-vector systems. To 
assist the reader in comprehending 
the structure of the guidelines for per- 
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missible experiements, a table is pro- 
vided outlining the containment levels 
given in the current guidelines, the 
PRG-RAC, and the PRG-NIH (see 
App. A). To assist further in the con- 
sideration of experiments under the 
guidelines, NIH reviewed all experi- 
ments supported by NIH as of Decem- 
ber 15, 1977, and characterized them 
in a comparable table (see App. B). 
This shows the containment levels re- 
quired for these experiments under 
the current guidelines, the PRG-RAC, 
and the PRG-NIH. 

The major areas where changes have 
occurred in the PRG-NIH include the 
five categories of exempt experiments 
and those other classes of experiments 
for which containment levels are low- 
ered. Many of the experiments under 
the current guidelines would be 
exempt under the “Exemptions” sec- 
tion of the PRG-NIH, including those 
in which recombinant DNA molecules 
are not in organisms or viruses; are 
from a single nonchromosomal or viral 
source, or are from species that ex- 
change DNA by known physiological 
processes. These exemptions are pro- 
posed because evidence has led to the 
conclusion that the experiments pose 
no significant risk to health or the en- 
vironment. 

Permissible experiments involving E. 
coli K-12 as a host-vector system in 
the PRG-NIH may generally be done 
at lower levels of physical and biologi- 
cal containment. A basis for this is the 
abundant scientific evidence that E. 
coli K-12 cannot be transformed into 
a pathogen. (See Pt. III of this docu- 
ment for a summary of the scientific 
information on the safety of this host- 
vector system.) 

Another reason for reducing con- 
tainment levels when eukaryotic DNA 
is inserted “shotgun” into E. coli K-12 
is new knowledge obtained only re- 
cently concerning the significant dif- 
ference between prokaryotes and eu- 
karyotes in the way proteins are syn- 
thesized. This newly discovered phe- 
nomenon of “intervening,” or 
“spacer,” sequences in eukaryotic 
DNA (1) is discussed in footnote 13 to 
the “Introduction and Overview” of 
the accompanying decision document. 
It makes the expression of eukaryotic 
DNA inserted “shotgun” into E. coli 
K-12 using “nonengineered”’ plasmids 
less likely than had been postulated 2 
years ago before the phenomenon of 
“intervening” sequences in eukaryotes 
was discovered. 

In the PRG-NIH, containment levels 
have been significantly reduced for 
the use of viruses as vectors and as a 
source’ of DNA for insertion into E. 
coli K-12. The basis for this was the 
strong support at the public hearing in 
December 1977 for a scientific analysis 
on the use of viruses in these experi- 
ments. As a result, a meeting spon- 
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sored by NIH and the European Mo- 
lecular Biology Organization, held in 
Ascot, England, January 1978, pro- 
vided a rationale for reconsidering 
containment levels for recombinant 
DNA experiments involving viral DNA. 
On the basis of the NIH/EMBO report 
and a workshop supported by the NIH, 
the RAC at its April 1978 meeting rec- 
ommended a complete revision of the 
sections of the guidelines dealing with 
viral DNA that is largely reflected in 
the PRG-NIH. The bases for these re- 
visions are explained in detail in the 
reports of the Ascot conference and 
the NIH working group which appear 
in Appendices.E and F. The Ascot con- 
clusions relating to the insignificance 
of the hazard associated with viral 
DNA inserts in E. coli K-12 are quoted 
on page 108. 3 

Few recombinant DNA experiments | 
have been conducted with viral DNA, 
since the overly stringent containment 
levels of the current guidelines greatly 
inhibited their use. Under the PRG- 
NIH, such work would be carefully 
monitored to insure that any new in- 
formation on safety or risk were quick- 
ly reviewed and any appropriate 
amendments to the guidelines were 
made. 

Another major area where contain- 
ment levels have been reduced in- 
volves experiments with plant DNA. 
At the December public hearing of the 
Advisory Committee to the Director, 
NIH, scientists from the agricultural 
community strongly recommended 
that the guidelines pertaining to ex- 
periments with plants be reviewed. In 
February, NIH, USDA, and NSF con- 
vened a meeting of plant scientists, 
who made a number of recommenda- 
tions to the RAC. The RAC’s recom- 
mendations from its April 1978 meet- 
ing are reflected in the PRG-NIH. 
Few NIH experiments are in this area, 
and developments will need to be 
closely monitored by the NSF and 
USDA to determine what work is 
being done. Again the recommenda- 
tions comport with safety require- 
ments to assure no significant risk to 
health or the environment. 

In effect, all of the recommenda- 
tions for permissible experiments and 
for those exempt from the guidelines 
are based on new scientific findings or 
on reassessment of previous informa- 
tioh. Evidence indicates that work 
should proceed because many recom- 
binant DNA molecules produced in 
laboratories mimic those already pres- 
ent in nature. The PRG-NIH focus on 
areas of experimentation that need 
special attention for the possibility of 
potential hazard. Work in progress 
that is expected to yield valuable new 
information will need to be moni- 
tored—for example, experiments in 
which “engineered” systems should 
permit intentional expression of ge- 
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netic functions. the current revisions 
intend to remove as a focus of atten- 
tion the type of project that does no 
more than mimic nature and to permit 
serious attention to new developments 
that would further the expression of 
new genetic functions. 

All the accumulated evidence on ex- 
periments permitted under the guide- 
lines indicates that the proposed revi- 
sions would have no significant envi- 
ronmental impact. 

The categorization of experiments is 
based on several premises, as ex- 
plained in the 1977 environmental 
impact statement. Shotgun experi- 
ments with DNA from primate sources 
require containment because they in- 
volve genes that might function in 
humans with untoward effects. Con- 
tainment levels, however, have been 
lowered here because the concern 
about a hazard from pathogenic viral 
DNA’s residing in primate tissue has 
been largely laid to rest in the viral re- 
ports. Alternatives in the use of physi- 
cal and biological containment are 
provided in a number of cases on the 
premise that the greater the contain- 
ment afforded by the _ host-vector 
system, the lower the physical con- 
tainment needed. Requirements con- 
tinue to be more stringent when the 
source of foreign DNA is known to be 
pathogenic or toxigenic, or might be 
infected with a pathogen, or is known 
to make harmful products. 

For shotgun experiments when the 
source of DNA is prokaryotic organ- 
ism, the guidelines specify contain- 
ment levels according to whether the 
organism is known to recombine genet- 
ic information with E. coli in nature. 
Many of the experiments involving ex- 
changers are now exempt under Ex- 
emptions I-E-4 in the PRG-NIH. The 
lowering of containment recommenda- 
tions for those experiments in which 
the source is a prokaryote that does 
not naturally exchange genetic materi- 
al with E. coli reflects the safety in 
the use of E. coli K-12. Scientific in- 
formation over the past 2 years shows 
that recombinant DNA experiments 
are most unlikely to create new genet- 
ic combinations never tested by nature 
and that the possibility of transform- 
ing E. coli K-12 into an epidemic path- 
ogen is virtually nil. 

In the case of a clone that has been 
rigorously characterized and is free 
from harmful genes, the safety is such 
as to permit provision for actions by 
the local biohazard committee rather 
than NIH. Purification greatly reduces 
the potential for growth of a hazard- 
ous organism, and the containment re- 
quirements should be correspondingly 
lower. 


The changes in the eukaryotic host- 
vector systems reflect in large part the 


recommendations concerning work 
with viruses and plants. As noted in 


NOTICES 


the original EIS, recombinant DNA 
experiments here involve the use of 
systems in which the host cells have 
little or no chance of escaping from 
the laboratory as an E. coli cell might. 


New scientific information indicates 
that a variety of organisms, such as 
the lower eukaryotes fungi and yeast, 
may be useful hosts for experiments 
with’ recombinant DNA’s; and useful 
vectors are now becoming available for 
these systems. Hence, this section of 
the guidelines has been expanded to 
detail safe use of these systems. In ad- 
dition, because of the ability to use 
synthetic DNA in recombinant DNA 
experiments, a new section has been 
added to the PRG-NIH to specify safe 
containment levels for this research. 


NIH has been mindful of the con- 
cerns of those who requested that the 
EIS on the original guidelines contain 
further information on individual ex- 
periments. We have tried to meet that 
need by the analysis provided in this 
section and in Appendix B. 


At the public hearing on the PRG- 
RAC in December 1977, some critical 
comments were directed at NIH’s EIS 
on the original guidelines. Most of the 
comments centered on NIH policies 
vis-a-vis permissible experiments. An 
analysis of those comments appears as 
Appendix C. 


Because of the critical importance of 
E. coli K-12 in recombinant DNA re- 
search, an assessment of the use of 
this organism in recombinant DNA ex- 
periments follows. 


Background on the use of E. coli K-12 
in recombinant DNA experiments 

Escherichia coli designates a range 
of bacterial strains. Each is adapted to 
live in a certain habitat. Its habitats 
are found primarily in the vertebrate 
gut, and it cannot long survive else- 
where—for example, in sewage.(2) 
Some strains are pathogenic, causing 
disease in the gastrointestinal tract of 
man or other animals. (3,4) One strain 
of E. coli, called ‘“K-12,” has been used 
in laboratory experiments for over 50 
years. (2) It is not known to have ever 
caused disease.(3) 

K-12 ae the favorite organism 
for genetic research because it repro- 
duces rapidly and thrives under con- 
trolled laboratory conditions. No living 
creature is known more thoroughly. 
Its single chromosome can be easily 
manipulated by genetic means, permit- 
ting its gene structure to be mapped. 
This work has greatly advanced under- 
standing of how genes express and reg- 
ulate inherited characteristics 

The chromosome of K-12 is a circu- 
lar molecule of DNA with about 4 mil- 
lion subunits. These compose 3,000 or 
4,000 genes, of which about 650 have 
been identified and assigned locations. 
(5) An arc of the genetic map of E. coli 
K-12 is shown below.(5) 

The NIH guidelines limit the vast 
majority of recombinant DNA experi- 
ments to the use of E. coli K-12 as 
host for the foreign genes. This is be- 
cause the unaltered organism is non- 
pathogenic and well known in its natu- 
ral properties—both factors lending ~ 
confidence that it can be handled 
safely. 


Figure 4 
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There are those, however, who view 
the ubiquity of E. coli in vertebrates 
as an argument against the use of even 
the K-12 strain as a host for foreign 
DNA. Concern has been expressed, for 
instance, that the bowels of persons on 
anitbiotics, ill persons, human infants, 
or members of other species may be 
susceptible to colonization.(7) More- 
over, if E. coli K-12 can survive in a 
person or animal, it might confer ge- 
netic characteristics to hardier bacte- 
rial inhabitants. 

Scientists engaged or interested in 
recombinant DNA research have ad- 
dressed these concerns in three ways— 
first, through guidelines specifying 
practices and conditions of contain- 
ment for experiments classified ac- 
cording to the presumed hazard; 
second, through attempts to develop 
safer hosts and vectors; .and third, 
through risk-assessment studies. The 
results of a workshop held in June 
1977 at Falmouth, Mass., to evaluate 
the potential risk of recombinant DNA 
experimentation with E. coli K-12 will 
be discussed below. 

The Evidence That E. Coli K-12 Is 
Nonpathogenic. The laboratory var- 
ients of K-12 permitted in recombin- 
ant DNA experiments have never been 
reported to cause disease, even in labo- 
ratory workers. K-12 has been grown 
in large quantities—up to hundreds of 
liters containing as many as a trillion 
bacteria. These cultures have been 
produced in countless laboratories the 
world over, and under containment 
conditions lower than the minimal 
ones in the NIH guidelines. K-12 has 
none of the properties generally asso- 
ciated with pathogenic bacteria.(8-15) 
It does not— 


@ survive and multiply readily in 
natural environments. 

@ spread from animal to animal or 
plant to plant, 

@ multiply readily on body surfaces 
or intestines and lungs, 

@ penetrate animal cells or spread 
through animal bodies, 

@ produce a toxin or otherwise alter 
other living things to cause disease, or 

@ resist normal body defense mecha- 
nisms. 


Even after as many as 10 billion K- 
12 organisms have been ingested, their 
multiplication in normal humans is 
only transient, and after a time none 
can be recovered.(10, 11, 12, 14) Thus, 
K-12 does not establish itself as a per- 
manent resident of human beings. On 
the other hand, K-12 can reside under 


NOTICES 


abnormal conditions, as during antibi- - 


otic therapy.(16) 

A micro-organism, in order to cause 
disease, must have the genetic capabil- 
ity to do so, as well as the ability to es- 
tablish itself in the body. It is difficult 
to conceive how K-12, itself nonpatho- 
genic, could become pathogenic as a 
result of genetic manipulation. Highly 
attenuated, it is known only to inhabi- 
tat the biological laboratory. 

Even when genetic determinants of 
pathogenicity in other E. coli strains 
were introduced into K-12, no instance 
of capacity to induce diarrheal disease 
or urinary tract infection could be de- 
tected.(14, 15) The workers conclude 
that the inadvertent transformation 
of K-12 into a highly pathogenic form 
by the introduction of a single frag- 
ment of foreign DNA is highly unlike- 
ly.(15) Indeed, the number of charac- 
teristics that a microbe must have in 
order to cause disease is believed to be 
great, not to mention additional char- 
acteristics needed to produce an epi- 
demic.(17) 

Transfer of Foreign DNA from E. coli 
K-12. While it would appear impossi- 
ble to render E. coli K-12 pathogenic 
by the introduction of foreign DNA, 
there is still to be considered whether 
the inserted fragment could be trans- 
mitted to another bacterium with 
which the K-12 comes in contact, in- 
cluding other strains of E. coli. Such a 
transmission might convert the recipi- 
ent into a pathogen or render a patho- 
gen more viable. The case of plasmid 
vectors is considered first. 

Plasmids are intracellular particles 
composed of DNA and not dependent 
on chromosomes for their replication. 
Hence, they can be used as vectors, or 
vehicles, for transporting foreign DNA 
into the bacterial host, where they 
multiply and propagate the genes they 
bear. Certain plasmids (called “conju- 
gative’’) are inherently able to migrate 
from one bacterial cell to another. 
These are prohibited for nearly all re- 
combinant DNA experiments. Only 
plasmids not capable or barely capable 
of spontaneous intercellular migration 
(“nonconjugative”) may be used. 

The nonconjugative plasmid’s ability 
to migrate is augmented if the cell 
harboring it is invaded by a conjuga- 
tive plasmid, which may confer this 
property. Then even the non- conjuga- 
tive plasmid may become a potential 
DNA-bearing invader. It has been cal- 
culatea, however, that the chance of 
this occurring with certain K-12 plas- 
mid systems is less than 1 in 10'* (10 
quadrillion) K-12’s surviving per day 
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in the intestine of warm-blooded ani- 
mals.(13, 14) The probability is even 
lower in sewers, sewage treatment 
plants, and waterways. It should be 
noted that since most of the estimates 
of probability are based on data ob- 
tained under laboratory conditions, 
animal afd human feeding studies are 
needed to verify the predictions.(18) 

Consideration must also be given to 
the question of transfer of foreign 
DNA from the initial K-12 host to 
other bacteria by means of bacterio- 
phage vectors. Bacteriophages are vir- 
uses that infect only bacteria. They 
could escape the laboratory either as~ 
mature infectious particles or in bacte- 
rial hosts in which the phage DNA is 
carried as a plasmid or within the 
DNA of the cell. 

The survival of phage DNA when re- 
leased as infectious particles depends 
on, their stability in nature, their in- 
fectivity, and the probability of effec- 
tive encounters with naturally occur- 
ring E. coli. The bacteriophage used in 
recombinant DNA _ experiments is 
known as lambda. It is considered very 
unlikely to survive and to infect resi- 
dent E. coli in animals and humans, 
being highly sensitive to stomach acid, 
reluctant to infect smooth E. coli cells 
(the type normally found in the gut), 
and susceptible to drying, as would 
occur if it escaped into the air. More- 
over, E. coli vulnerable to lambda is 
uncommon in nature. Infective lambda 
ingested in large amounts (10", or 100 
billion, particles) could not be detected 
in human feces.(19) 

Establishement of lambda as a resi- 
dent of the E. coli host cell’s DNA is a 
well-known example of natural recom- 
bination, In certain cases, it is a fre- 
quent event, as likely to occur as not. 
Hence, this mode of escape would be 
the preponderant laboratory hazard. 
However, most variants of lambda 
used (or under consideration for use) 
in recombinant DNA _ experiments 
have a much reduced ability to become 
so incorporated.(20-22) Here the prob- 
ability drops to 10-5 or 10-1 in 
100,000 or 1,000,000.( 23-25) 

The estimates for containment in 
the use of bacteriophage host-vectors, 
while not exact, are sufficient to 
assure that the probability of transfer- 
ring a.foreign DNA fragment from the 
original K-12 host to other bacteria is 
remote. 

Ability of E. Coli K-12 To Survive 
and Spread in Nature. Thus far, the 
suitability. of K-12 for recombinant 
DNA experiments has been considered 
in relation to its ability to do harm 
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either directly or through transfer of 
a foreign DNA fragment to another 
bacterial cell. These properties will 
depend on the ability of the K-12 to 
survive, multiply, and infect other 
living organisms. As already described, 
K-12 is poorly equipped to survive in 
natural environments; but if it should 
survive and multiply, it is still unlikely 
to infect living things. E. coli are 
seldom spread by aerosols; they are 
primarily spread by ingestion of con- 
taminated food and water. Between 
10° and 10° (1 million to 1 billion) cells 
of pathogenic E. coli are required to 
cause disease (12,25). In other words, 
at least a million bacteria would be re- 
quired to cause disease in a single 
person if some K-12 did become 
pathogenic. 

The guidelines emphasize protection 
of laboratory workers because they 
are the persons most at risk. They are 
also the most likely means by which 
recombinant DNA might be spread. 
Should a worker carry such agents out 
of the laboratory, however, the prob- 
ability that others would be affected is 
still very low, and the risk of a result- 
ing epidemic is virtually nonexistent. 
There is abundant evidence for this as- 
sertion. It has long been known that 
the separation of sewage from food 
and water supplies prevents epidemcis 
of enteric bacteria such as E. coli. 

The following excerpt from a letter 
by Roy Curtiss III to Donald S., Fre- 
drickson discusses the K-12 strain of 
E. coli in relation to infectivity.(13) 


In terms of communicability of E. coli K- 
12, we know that enteric diseases caused by 
enteropathogenic E. coli and various strains 
of Shigella, Salmonella and Vibrio are trans- 
mitted by contaminated food and water and 
that manifestation of disease symptoms re- 
quires consumption of approximately 1 mil- 
lion bacteria. Such enteric diseases are 
seldom spread by aerosols. Indeed, it is well 
known, for example, that cages of mice in- 
fected with Samonella can be housed in the 
same room with uninfected mice which 
remain uninfected. The finding that E. coli 
cells can be recovered from the nasophar- 
ynx of approximately 5 percent of those 
humans tested might suggest that aerosol 
spread could occur. Such E. coli cells, how- 
ever, are only intermittently present in -the 
nasopharynx and are usually found at con- 
centrations too low to initiate an infection 
even if they were representative of a patho- 
genic strain. They most likely get into the 
nasopharynx due to poor personal hygiene. 
After learning of these observations quite 
some years ago, I monitored my nostrils and 
skin for the presence of those E. coli K--12 
strains I was working with. I was successful 
in detecting these strains about 10 percent 
of the time when the monitoring was done 
at the end of the work day, but never ob- 
tained positive results when the monitoring 
was done the next morning. I should hasten 
to add that my research with E. coli K-12 at 
that time involved mouth pipetting and 
other aerosol-generating procedures on an 
open lab bench: procedures and conditions 
which are not permitted by the NIH Guide- 
lines. These results, preliminary as they are, 
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nevertheless suggest that E. coli K-12 does 
not colonize the nasopharynx. Based on 
these observations, the fact that E. coli’s 
normal ecological niche is the colon and the 
fact that transmission of enteric diseases.is 
by ingestion of contaminated water and 
food, I doubt that E. coli K-12 could be con- 
verted to an air-borne “infectious” agent by 
introduction of recombinant DNA. In terms 
of the more usual means for spread of en- 
teric pathogens, it is evident tha enteric dis- 
eases are bery well controlled in the United 
States by sanitary engineering, even though 
there have been reports of poor water qual- 
ity in some parts of the country and higher- 
than-desired levels of pollution of rivers, 
streams, etc. There is however, a concerted 
effort to improve biological waste water 
treatment and thus lessen pollution and im- 
prove water quality. Even if there were a 
natural catastrophe such as caused by an 
earthquake, tornado, hurricane, etc., it is 
unlikely that E. coli K-12 containing recom- 
binant DNA could initiate or sustain an epi- 
demic in view of K-12’s inability to colonize 
and overcome host defense mechanisms. 


Seeking a consensus on the matter 
of risk assessment in recombinant 
DNA research, with particular refer- 
ence to the use of E. coli, the National 
Institutes of Health sponsored a work- 
shop in Falmouth, Mass., on June 20- 
21, 1977. In attendance were approxi- 
mately 50 invited participants and ob- 
servers, from the United States and 
abroad, including experts on all as- 
pects of infectious disease. The follow- 
ing excerpt from a letter by the work- 
shop chariman, Sherwood L. Gorbach, 
to Donald S. Fredrickson summarizes 
the principal conclusion: 


CONSENSUS AGREEMENT 


An important consensus was arrived at by 
the assembled group which I felt was of suf- 
ficient interest to be brought directly to 
your attention. The participants arrived at 
unanimous agreement that E. coli K-12 
cannot be converted into an epidemic patho- 
gen by laboratory manipulations with DNA 
inserts. On the basis of extensive studies al- 
ready completed, it appears that E. coli K- 
12 does not implant in the intestinal tract of 
man. There is no evidence that non-trans- 
missible plasmids can be spread from E. coli 
K-12 to other host bacteria within the gut. 
Finally, extensive studies in the laboratory 
to induce virulence in E. coli K-12 by inser- 
tion of known plasmids and chromosomal 
segments coding for virulence factors, using 
standard bacterial genetic techniques, have 
proven unsuccessful in producing a fully 
pathogenic strain. As a result of these dis- 
cussions, it was believed that the proposed 
hazards concerning E. coli K-12 as an epi- 
demic pathogen have been overstated. Such 
concerns are not compatible with the exten- 
sive scientific evidence that has already 
been accumulated, all of which provides as- 
surance that £. coli K--12 is inherently en- 
feebled and not capable of pathogenic trans- 
formation by DNA insertions. 


The entire letter from Gorbach is 
quoted in the NIH environmental 
impact statement, part II, appendix 
M.(27) The proceedings of the Fal- 
mouth workshop on risk-assessment 


have been published in the May 1978 
Journal of Infectious Diseases. 

There remains the question whether 
the insertion of a foreign DNA frag- 
ment into K-12 will significantly alter 
the properties of the latter with 
regard to survival and multiplication, 
or the ability of the plasmid and bac- 
teriophage vectors to be spread. The 
improbability of converting K-12 to a 
pathogen has already been discussed. 
Changes in ability to survive and mul- 
tiply would be expected to involve not 
only the changes in the K-12 itself, or 
the plasmid or bacteriophage, but also 
the nature of the environment in 
which it finds itself. The subject is dis- 
cussed in the section of this document 
entitled “Risk and Benefits of Recom- 
binant DNA Research.” . 

Attenuated K-12 Systems. Theoreti- 
cally, the most desirable bacterial re- 
cipient of recombinant DNA would be 
a species uniquely adapted to carefully 
controlled laboratory conditions and 
unable to survive or transmit DNA to 
other organisms in any natural envi- 
ronment. This means that it should be 
unable to establish itself as a long- 
lived and multiplying resident in or on 
living things, or in soil or water. In ad- 
dition, these properties should not be 
significantly altered by recombination 
of the bacterium’s DNA. The organism 
should also, of course, lend itself to 
manipulation for successful execution 
of experiments. 

No bacterium meeting all these re- 
quirements is known. It is possible 
that no such creature exists in nature. 
Available bacterial systems must be 
evaluated for relative safety and util- 
ity, depending on the extent to which 
they approach the ideal. The forego- 
ing summary of knowledge concerning 
K-12 and its known plasmids and bac- 
teriophages indicates that these sys- 
tems measure up well with the ideal 
criteria, and can therefore be recom- 
mended for use in recombinant DNA 
research. 

The K-12 systems, extant and pro- 
jected, are known as EK1, EK2, and 
EK3, referring to increasing degrees of 
attenuation. The guidelines permit the 
use of EK1 for those experiments 
whose potential for hazard is regarded 
as nil, low, or minimal. For experi- 
ments judged to have a somewhat 
higher (though still conjectural) po- 
tential for hazard, the guidelines re- 
quire the further attenuated system 
EK2. Here, properties of the K-12 and 
the vectors must be so modified as to 
minimize the chance of the vector sur- 
viving in its host outside the labora- 
tory and migrating to other hosts. 
EK3 systems are even stricter, requir- 
ing, for example, the use of vectors 
that cannot propagate outside the 
host. So far, no EK3 systems have 
been certified. [In the proposed re- 
vised Guidelines (PRG-NIH), the EK 
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systems are retained within the broad- 
er host-vector systems (HV) classifica- 
tion, providing more specificity.] 

Implications of the use of EK2 con- 
tainment are elucidated in the follow- 
ing passage from a paper presented by 
Bernard D. Davis at a forum on recom- 
binant DNA held by the National 
Academy of Sciences, March 7-9, 
1977.(2) 


A very large safety factor is added by the 
provision in the present guidelines for bio- 
logical containment. All work with mamma- 
lian DNA must be carried out in EK2 
strains, which have a drastically impaired 
ability to multiply, or to transfer their plas- 
mid, except under very special conditions 
provided in the laboratory. The presently 
certified EK2 strain has several stable mu- 
tational defects (i.e., deletions) that prevent 
it from multiplying under the nutritional 
conditions of the gut. But the protection 
goes much further, and reaches a degree 
that is unprecedented in the annals of 
man’s exploration of potentially hazardous 
new materials: this material has been coded 
for self-destruction. For example, these 
mutant cells require diaminopimelate, a 
constituent of cell wall; and without it they 
can continue to grow and expand but 
cannot form more wall, and so they quickly 
burst. Accordingly, under conditions similar 
to those in the gut such an EK2 strain not 
only fails to multiply, but less than 1 in 10° 
cells survives after 24 hours—and it would 
be an extraordinarily sloppy laboratory ac- 
cident that would result in ingestion of as 
many as 10° cells. In addition, while the cells 
are dying off in the absence of diaminopi- 
melate they are severely impaired in their 
ability to transfer plasmids to other, well- 
adapted cells—and this is the important 
point for the danger of spreading harmful 
genes. Finally, not only the cells but also 
the plasmids being used to carry recombin- 
ant genes are also weakened mutant deriva- 
ties, selected for severe impairment of their 
ability to be transmitted from the host cell 
to another cell. 

We thus see that, even with a strain 
known to carry the gene for a potent toxin, 
the production of disease in a laboratory 
worker would require the compounding of 
two low probabilities: that the strain will 
initiate an infection and that it will survive 
long enough to cause harm despite its sever- 
al disadvantages—that of being a labora- 
tory-adapted strain, that of carrying the 
burden of foreign DNA, and that of carry- 
ing the very large burden of being a suicidal 
EK2 strain. 


The criteria for NIH certification of 
an EK2 system have been defined and 
enlarged during the past year. Exten- 
sive data are required and very de- 
manding standards have been set. 
Such organisms are being designed 
and constructed by NIH contractors 
and other interested investigators. 
Their use in recombinant DNA experi- 
ments is not allowed until they have 
been certified by the Director, NIH, 
upon recommendation by the Recom- 
binant Advisory Committee. The NIH 
environmental impact statement de- 
scribes the criteria for certification 
and lists the certified EK2 systems as 
of July 1977.(28) It should be noted 
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that the same depth of experience 
with K-12 that recommends its utility 
as a host for recombinant DNA experi- 
ments is central to the ability to ma- 
nipulate it for the purpose of improv- 
ing its safety. 

An important recent paper was pub- 
lished by two British workers, Petro- 
cheilou and Richmond on the absence 
of plasmid or £. coli K-12 infection 
among laboratory personnel.(29) In 
testimony before the Subcommittee 
on Science, Technology, and Space of 
the Senate Committee on Commerce, 
Science, and Transportation, on No- 
vember 10, 1977, Dr. Oliver Smithies, 
professor of medical genetics and ge- 
netics at the University of Wisconsin, 
interpreted the Petrocheilou and 
Richmond results as follows: 


Twice weekly for over 2 years these work- 
ers tested the feces of five laboratory per- 
sons who had been using without special 
precautions the laboratory strain of E. coli 
called K-12, together with a transmissible 
plasmid. Neither the £. coli K-12 nor the 
transmissible plasmid was ever found in the 
feces during these tests. (Transmissible plas- 
mids are naturally occurring circular pieces 
of DNA that can replicate inside bacteria 
and which, in nature, transfer genes be- 
tween them.) So, with £. Coli K-12 and a 
transmissible plasmid, the risk of the plas- 
mid or its host K-12 getting into the feces 
and surviving to any appreciable extent is 
less than one per laboratory worker per 10 
years of lab work, even when no special pre- 
cautions are taken. 

Now, under the NIH guidelines, none of 
the even conceivably hazardous experiments 
are performed in this type of E. coli, K-12. 
Such experiments require a specially weak- 
ened strain, Chi 1776, which introduces a 
safety factor for survival of greater than 
100 million. Chi 1776 has been proven by 
tests to survive 100 million times less well 
than K-12. " 

In addition, such experiments require the 
use of a nontransmissible plasmid which in- 
troduces a safety factor for transfer of the 
plasmid to other bacteria of about 100 mil- 
lion. 

Let me emphasize again that this type of 
work requires a nontransmissible plasmid; 
that is, a plasmid derived from a transmissi- 
ble plasmid by eliminating the mechanisms 
for transfer of the plasmid between bacte- 
ri 


a. 

So the risk of Chi 1776 strain of E. coli K- 
12 surviving in the feces or of the recombin- 
ant DNA plasmid being transferred to some 
other bacteria becomes less than one chance 
per 100,000 laboratory workers working for 
10,000 years without special physical pre- 
cautions. 

Bin is what is meant by a “negligible 
r nee 

When we consider that the guidelines re- 
quire also very special physical precautions, 
you can see why I think the risk is no longer 
worth considering. 
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IV. ROLES AND RESPONSIBILITIES 


Analysis of Current Guidelines 


The Guidelines contain a large sec- 
tion, Part IV, defining the roles and 
responsibilities of individuals and in- 
stitutions in assuring compliance with 


NOTICES 


required containment levels. The pro- 
cedures described are primarily direct- 
ed at grantees of the National Insti- 
tutes of Health. Similar procedures 
are in force for work within NIH labo- 
ratories and for work sponsored by 
NIH under contracts. . 
The principal investigator is re- 
quired to assess any potential bioha- 
zards, to institute appropriate safe- 
guards and procedures, to minimize ef- 
fects of possible accidents by planning, 
to train and inform all personnel, and 
to report any accident or any serious 
or extended illness of a worker. All of 
these must be carried out on a con- 
tinuing basis. Thus, the primary re- 
sponsibility for conducting experi- 
ments according to the Guidelines is 


_ in the investigator’s hands. 


Further, in applying for grants to 
carry out experiments with recombin- 
ant DNA, the investigator must in- 
clude an estimate of the potential bio- 
hazards and a statement of the con- 
tainment procedures to be used. The 
application must include certification 
of the existence and availability of ap- 
propriate facilities, procedures, and 
training. The Guidelines indicate that 
institutions in which recombinant 
DNA experiments are carried out must 
establish biohazards committees that 
examine equipment and facilities and 
certify their compliance with the re- 
quirements. Such committees will also 
serve as a source of advice and refer- 
ence on physical containment facili- 
ties, on properties of biological con- 
tainment, and on training of person- 
nel. 

According to the Guidelines, the cer- 
tification and the investigator’s assess- 
ment of the hazard and containment 
would be considered by NIH study sec- 
tions during the normal scientific 
review of the application. The Guide- 
lines leave flexible the question of re- 
solving any differences between the in- 
vestigator’s evaluation and that of the 
study section. The Guidelines do state, 
however, that if differences cannot be 
resolved, the matter should be re- 
ferred to the Recombinant Advisory 
Committee or the NIH Office of Re- 
combinant DNA Activities. 


Application of the guidelines to work 
not supported by NIH 


Several agencies of the U.S. Govern- 
ment other than the National Insti- 
tutes of Health provide support for 
biological and medical research. Some 
of these currently sponsor recombin- 
ant DNA experiments, and others may 
do so in the future. Activities of the 
research agencies represented by the 
Federal Interagency Committee on 
Recombinant DNA Research were re- 
viewed by the Committee in the fall of 
1976. All member research agencies 
adopted the NIH Guidelines and 
standards, including the National Sci- 


ence Foundation, the Department of 
Agriculture, the Energy Research and 
Development Administration, the De- 
partment of Defense, the National 
Aeronautics and Space Administra- 
tion, and the Veterans Administration. 

Several conferences have been held 
at NIH and at other relevant Govern- 
ment agencies with representatives of 
private industry in the United States. 
As best detemined by the Federal 
agencies, recombinant DNA research 
conducted in the private sector com- 
plies with the physical and biological 
standards of the NIH Guidelines. Rel- 
evant industries have agreed to follow 
the Guidelines on a voluntary basis. 

The issue of recombinant DNA re- 
search has been studied by national 
and international bodies in many 
countries. In most cases some form of 
control has been recommended, but 
nowhere has a total ban on the re- 
search been advocated.‘ Canada, the 
Federal Republic of Germany, France, 
the Soviet Union, and the United 
Kingdom have issued guidelines that 
differ in detail but are similar concep- 
tually to the MIH Guidelines. Other 
countries are generally following the 
NIH or U.K. Guidelines, including 
Denmark, Israel, the Netherlands, 
Sweden, and Switzerland. The interna- 
tional Council of Scientific Unions and 
the World Health Organization have 
urged nations to adopt the principles 
embodied in these two sets of guide- 
lines. The U.K. Guidelines have been 
endorsed by the European Science 
Foundation and the European Molecu- 
lar Biology Organization. 

Scientific and governmental activi- 
ties comparable to those in the United 
States have been under way in the 
United Kingdom since January 1975. 
A working party established at that 
time recommended that recombinant 
DNA research in the United Kingdom 
be permitted to continue under appro- 
priate controls. In August 1976 a fol- 
lowup working group chaired by Sir 
Robert Williams issued a report estab- 
lishing guidelines. 

In Canada, in March 1976, a special 
committee of the Canadian Medical 
Research Council recommended guide- 
lines to govern the handling of recom- 
binant DNA molecules in Council-sup- 
ported research. The Council adopted 
these guidelines in February 1977. 

Many other nations have reviewed 
recombinant DNA activities to deter- 
mine what measures were necessary 
for safety. With the urging of regional 
and international bodies, most have 
adopted the NIH or U.K. Guidelines as 
a basic framework for safety practices 
and procedures. 


Alternatives: RAC-Proposed Revisions 


Part IV (Roles and Responsibilities) 
of the PRG-RAC is described below. 
As in the current (1976) Guidelines, 
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this part of the PRG-RAC was de- 
signed to provide an administrative 
framework for implementation. 


Institution 


In the PRG-RAC as compared with 
the current Guidelines, several 
changes were proposed in the respon- 
sibilities of the institution. Responsi- 
bilities that were added or further de- 
tailed included: (1) a requirement for 
insuring the training of research per- 


sonnel and the use of good microbiolo-~ 


gical technique, and (2) a requirement 
to determine the need for medical pro- 
cedures, with recommendations of pos- 
sible specific practices. 


Institutional biosafety committees - 


Membership of the BSC’s was clari- 
fied by a recommendation to include 
other than scientific members. In the 
PRG-RAC, institutional biosafety 
committees (called “biohazards com- 
mittees” in the current Guidelines) 
are given the discretion to approve 
single-step reductions in containment 
levels for experiments with character- 
ized clones and purified DNA. The 
IBC’s would be required to notify the 
NIH Office of Recombinant DNA Ac- 
tivities (ORDA) of these approvals. 


Biological safety officer 


Institutions at which P3 and P4 level 
recombinant DNA work is conducted 
would be required to have a biological 
safety officer, whose specific roles and 
responsibilities are outlined. 

Principal Investigator. The role and 
responsibilities of the principal investi- 
gator would remain basically the same, 
except for the important addition of a 
requirement for training in microbio- 
logical techniques. Responsibility for 
the determination of the practices nec- 
‘essary for medical surveillance would 
be relocated to the institution. 


NIH responsibilities- 


Office of the Director. The responsi- 
bilities of the Director remain un- 
changed. A sentence has been added 
that clarifies the Director’s authority 
to implement the Guidelines and to be 
the final arbiter in their interpreta- 
tion. 


Recombinant advisory committee 


There were no changes in the cur- 
rent responsibilities of the RAC. 
There were, however, clarifications of 
the scope of some duties—for example, 
the certification process. The language 
of the 1976 Guidelines caused some 
confusion about the certification of 
EK2 (HV2) and EK3 (HV3) host- 
vector systems. In practice, the certifi- 
cation process, clarified in the PRG- 
RAC, involves a two-step procedure: 
(1) The RAC’s recommendation to the 
Director, NIH, that a particular host- 
vector system be certified; and (2) cer- 
tification of the system by the Direc- 


NOTICES 


tor. The rationale for the procedure is 
that it allows the Director to solicit 
the opinions of additional experts 
before making a financial decision on 
certification. 

The RAC’s authority to recommend 
exceptions from the prohibitions was 
also clarified. The 1976 version of the 
Guidelines envisioned the possibility 
of the RAC’s recommending an excep- 
tion to the 10-liter limit on culture 
volume for recombinant DNA’s known 
to make harmful products. The pro- 
posed revision would extend the possi- 
bility of an exception to the five other 
classes. of currently prohibited experi- 
ments. 

The general rationale for this addi- 
tion is twofold: the RAC’s inability to 
foresee all possible future circum- 
stances and its desire to specify, 
within the limits of strict safeguards, 
the possibility of an exception for 
compelling social or scientific reasons. 
A more immediate and specific justifi- 
cation for the paragraph on excep- 
tions from the prohibitions is that the 
risk-assessment studies necessary for a 
clearer understanding of the potential 
biohazards of recombinant DNA re- 
search may be technically prohibited 
by the current Guidelines, unless 
there is a mechanism for approving 
exceptions. 


Alternatives: Public Commentators 
Institutional responsibilities 


This section of the Guidelines drew 
considerable comment directed to the 
roles and responsibility of the local in- 
stitution and its several constituents. 
Generally, commentators requested 
more information and greater clarifi- 
cation of the structure and operation 
of the IBC, the function of the biologi- 
cal safety officer, and the duties of the 
institution. The suggestions and com- 
ments were carefully: considered, in 
view of the importance of this section 
to successful implementation of the 
Guidelines and therefore safe conduct 
of the research. 

NIH has a special responsibility for 
leadership in developing and promot- 
ing safety programs relevant to recom- 
binant DNA experiments. Accordingly, 
as in 1976, another committee chaired 
by Dr. W. Emmett Barkley, Director 
of the National Cancer Institute’s 
Office of Research Safety, was con- 
vened to address concerns raised. As a 
result, and in response to a number of 
commentators’ requests, the substance 
of Appendix D has been revised and 
republished as a supplement to the 
Guidelines. The revised Guidelines 
also retain requirements for emergen- 
cy. plans to cover accidents and 
strengthen the requirement for train- 
ing of all recombinant DNA research- 
ers in safe laboratory procedures. 

The intent of this section, as before, 
is to integrate safety practice into the 
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conduct of recombinant DNA research 
and to assign responsibilities for this 
to the principal investigator, institu- 
tion, IBC, and biological safety officer. 
It is important that these responsibil- 
ities be stated in an unambiguous 
manner. In response to many commen- 
tators. Part IV has been restructured 
to present some of these functions in 
greater detail and clarity. The appen- 
dices contain additional complemen- 
tary information on roles and respon- 
sibilities, including material for IBC’s 
and biological safety officers. 

Expanded Responsibilities. In re- 
sponse to several comments, the 
review of research has been broadened 
in the PRG-NIH to cover all recom- 
binant DNA research at an institution 
receiving NIH funds for this purpose, 
whether or not the specific recombin- 
ant DNA project is funded by NIH. 
While this increases the responsibility 
of the institution and the IBC, it is be- 
lieved that the overall safety of recom- 
binant DNA research will be en- 
hanced. To reflect more closely the 
spirit of the Guidelines, the name “in- 
stitutional biohazards committee” is 
proposed to be changed to “institu- 
tional biosafety committee.” 

Several generic comments deserve to 
be highlighted, as they represent sig- 
nificantly increased authority to be 
delegated to the institution. In 1976 
the RAC did not accept commentators’ 
suggestions to require local commit- 
tees to make an independent evalua- 
tion of the containment levels re- 
quired by the Guidelines for individual 
research projects. It was therefore 
stated in the 1976 Decision that NIH 
would not require local institutions to 
have their committees perform this 
function, although they would not be 
prohibited from doing so. Commenta- 
tors have now noted that an IBC, in 
order to to accomplish its mandated 
responsibilities under the 1976 Guide- 
lines, including the review and approv- 
al of recombinant DNA research pro- 
jects, must implicitly determine con- 
tainment conditions. In order to clari- 
fy the committee’s role, the assess- 
ment of appropriate containment 
levels is now made an explicit respon- 
sibility of the IBC. 

In addition, institutions through 
their biosafety committees would be 
given increased responsibility for pri- 
mary overview of this research, as 
they have been delegated the authori- 
ty to approve or disapprove proposed 
recombinant DNA projects. NIH, 
through ORDA, will conduct a review 
of institutions’ actions, upon registra- 
tion of the projects, to ensure compli- 
ance with the NIH Guidelines, thereby 
maintaining a national standard. This 
action has been in response to several 
comments calling for increased local 
responsibility and a simpler adminis- 
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trative process in regard to gaining ap- 
proval for research to proceed. 

In view of the unreliability of Feder- 
al surveillance to enforce these stand- 
ards, it is essential to increase the au- 
thority and responsibility of the local 
institution. It was requested that the 
IBC’s have a role if legislation in this 
area is adopted. This concept is en- 
dorsed by the House Committee on In- 
terstate and Foreign Commerce in its 
Bill Report of March 24, 1978, on the 
Recombinant DNA Act: 


It is the view of the committee that the 
appropriate portions of the administrative 
requirements of section IV of the NIH 
Guidelines are a reasonable model upon 
which the Secretary could base administra- 
tive regulations. In particular, the current 
practice in the NIH Guidelines of delegating 
to local biohazards committees most of the 
responsibility for the inspection of facilities 
and the approval of the specific safety re- 
quirements appropriate to each project or 
activity is an effective and relatively inex- 
pensive administrative mechanism. 


A number of recommendations were 
received regarding the membership of 
IBCs. In 1976, suggestions were made 
for broadening IBC representation to 
cover not only various disciplines re- 
lated to recombinant DNA technology, 
safety, and engineering, but also to in- 
clude members knowledgeable in ap- 
plicable laws and regulations, stand- 
ards of practice, community attitudes, 
and health and environmental consid- 
erations. These diverse points of view 
were either to be included or made 
available to the committees. The lan- 
guage in the PRG-RAC calls for a di- 
versity of membership, but would not 
mandate public members. In response 
to several requests, and in view of in- 
creased responsibility at the local 
level, a provision is included in the 
PRG-NIH that “no IBC may consist 
entirely of persons who are officers, 
employees, or agents of, or are other- 
wise associated with the institution, 
apart from their membership on the 
IBC.” 

A number of other recommendations 
were received from public commenta- 
tors relating to more specific issues 
concerning the various responsibilities 
of the institution and its constituents. 
These recommendations and the PRG- 
NIH decision are considered below 
under the appropriate headings. 

Institution. A number of points were 
raised by commentators concerning 
health monitoring by institutions. 
NIH was requested to develop a model 
for institutional medical surveillance 
for recombinant DNA research work- 
ers. An NIH committee is reviewing 
this area and has made recommenda- 
tions as to what such a program might 
include. This proposal, which calls for 
monitoring illnesses, collecting serum 
samples, and keeping a register of 


agents handled, is responsive to sever- 


al suggestions received on this issue, 


NOTICES 


and has therefore been adopted in the 
PRG-NIH. Additionally, Appendix D 
will include more detailed information 
on medical surveillance. 

A collaborative effort has been initi- 
ated between NIH and the Center for 
Disease Control (CDC) to establish a 
mechanism for providing advice, con- 
sultation and, if necessary, assistance 
regarding major accidents in laborato- 
ries conducting recombinant DNA re- 
search. It was not considered neces- 
sary to have a standing “strike force” 
as suggested by one commentator; but 
in the event of an emergency, a team 
of experts from NIH and CDC could 
be formed to respond. 

The issue of medical monitoring is 
one -of considerable interest to NIH. 
This is a general problem not unique 
to DNA research. As one commentator 
noted, a routine health monitoring 
and reporting program might well be 
instituted for personnel engaged in 
areas of research besides recombinant 
DNA, such as tumor viruses and 
pathogenic organisms. The state-of- 
the-art, however, is primitive in terms 
of what can be done to monitor work- 
ers’ health, and particularly in the 
area of recombinant DNA research, 
where there is no known hazard. 

Grievance procedures for workers 
under the Guidelines were requested, 
but this is not considered necessary, as 
the rules and regulations of the Occu- 
pational Safety and Health Act 
(OSHA) already provide such a mech- 
anism. OSHA standards and proce- 
dures apply to most institutions, so it 
is not considered necessary to require 
in the Guidelines that IBCs ensure 
OSHA compliance. Further, the Fed- 
eral Interagency Committee on Re- 
combinant DNA Research includes the 
Occupational Safety and Health Ad- 
ministration (Department of Labor), 
assuring cooperation at the Federal 
level. : 

Institutional Biosafety Committee. 
Several commentators requested more 
detail on IBC duties. This has been ac- 
complished in -“Laboratory Safety 
Monograph—A Supplement to the 
NIH Guidelines for Recombinant DNA 
Research.” For example, information 
is included there on facility certifica- 
tion, periodic inspections, and moni- 
toring. ; y 

It was suggested that biosafety com- 
mittee meetings be open to the public. 
The Guidelines currently require only 
that the minutes by publicly available. 
In view of possible discussion of pro- 
prietary information and _ patent 
rights, meetings cannot always be 
open. Local committees, however, 
should consider having open meetings 
when possible. 

The question was raised concerning 
conflict of interest of local committee 
members. Addressing this important 
point, a provision in the PRG-NIH 


prohibits an individual from being in- 
volved in the review of a recombinant 
DNA project in which he or she was 
engaged or had a direct financial in- 
terest. 

Biological Safety Officer. Since the 
passage of OSHA, most institutions 
have established occupational safety 
and health departments with safety 
officers. There arc no standard certifi- 
cation procedures for such individuals, 
although their qualifications, in many 
cases, could be commensurate with 
those of a biological safety officer. 
The Laboratory Safety Monograph 
provides in detail the kinds of qualifi- 
cations biosafety officers should have. 
NIH is developing a training course for 
biological safety officers and other 
campus safety personnel. Requests for 
information should be directed to Dr. 
Emmett Barkley, Office of Research 
Safety, National Cancer Institute, 
NIH. 

Princial Investigator. Commentators 
remain concerned about the quality 
and uniformity of safety training. NIH 
is responding to this by placing as a 
high priority the development of 
training standards and courses. Cur- 
rently, NIH is supporting a Working 
Panel of the American Society for Mi- 
crobiology (ASM) that is considering 
standards of training in micro- biologi- 
cal techniques for recombi- nant DNA 
research. When a report is submitted 
to NIH, it will be shared with institu- 
tions, IBC’s, and principal investiga- 
tors for their use. National certifica- 
tion, however, should not be attempt- 
ed until the ASM-NIH criteria for 
training have been adopted and evalu- 
ated. 

It should be noted that, aside from 
the Nuclear Regulatory Commission’s 
standards for training in radioisotope 
work, there seem to be no other train- 
ing criteria at present in biomedical re- 
search. Thus, the work of the ASM 
Panel will establish a precedent. For 
these reasons NIH should proceed 
carefully and in stages while promot- 
ing safety training for researchers. 
NIH will develop’ training courses 
based on these standards and will 
make them widely available. 


NIH responsibilities 


As in the public hearing on the 
Guidelines as proposed in 1976, many 
commentators again urge openness, 
candor, and public participation in the 
revision process, emphasizing shared 
responsibility and accountability from 
the local to the national level. 

Due-Process Considerations. A focus 
of public comment at the December 
1977 hearing was on “procedural due 
process” to ensure public participation 
in the development of NIH recombin- 
ant DNA policies. Much of the public 
testimony and comment in letters fo- 
cused on public representation on 
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committees. Also stressed was the 
~ need for public notice of all meetings, 
and for procedures to ensure public 
participation in the exercise of respon- 
sibilities by the NIH Re- combinant 
Advisory Committee (RAC), the Office 
of the NIH Director, and the Advisory 
Committee to the Director (DAC). 

Several commentators specifically 
urged that the Guidelines spell out 
procedures— 


@ To develop and promulgate the 
list of ‘“‘non-novel experiments” and to 
amend the list; 

@ To certify host-vector systems; 

@ To permit the Director, on the 
advice of the RAC, to grant exceptions 
from prohibited experiments (as for 
risk-assessment studies), and 

@ To modify the Guidelines in the 
future. 

There were also suggestions that 
guidance be given on how to deal with 
infractions of the guidelines. Specifi- 
cally, one commentator suggested that 
procedures should outline in detail- - 


eHow charges of noncompliance 
could be brought, 

eHow charges of noncompliance 
would be evaluated, 

eWhat opportunities would be pro- 
vided for the principal investigator 
and his institution to defend them- 
selves against charges, and 

e@What procedures would be availa- 
ble before the termination of funding 
or other penalties are invoked. 


Because of the RAC’s key role in the 

development and monitoring of NIH 
recombinant IJNA policies, a number 
of comments were directed to the com- 
mittee’s nature and functions. Many 
commentators focused on its member- 
ship, urging that the guidelines define 
procedures for the nomination and se- 
lection of members. Suggestions for 
potential membership included more 
representation for certain scientific 
disciplines, such as virology and micro- 
biology; greater representation from 
the occupational and environmental 
health and safety community; and 
more public representation, including 
perhaps a “dissenter” from current 
NIH policies. 
. A number of comments concerned 
RAC operations. The committee was 
urged to formalize schedules so that 
all concerned would know when meet- 
ings would be held over the next 2 to 3 
years. Further, it was urged that no- 
tices and complete agendas be placed 
in the FeperRaL Recister for each 
meeting, that all documents for com- 
mittee consideration be made available 
to the public, and that the NIH pay 
for public witnesses to attend RAC 
meetings. 

In response to these comments, part 
IV of the PRG.-NIH has been reorga- 
nized extensively. The responsibilities 
from the local to the national level are 
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more clearly stated and defined. For 
NIH responsibilities, procedures sug- 
gested by commentators have been 
specified to afford opportunity for 
public comment. A special appendix to 
the PRG. NIH includes relevant imple- 
mentation documents from ORDA 
that explain the administration of the 
NIH guidelines at the local and na- 
tional levels. 

Part IV of the PRG NIH has more 
clearly defined a structure for respon- 
sibilities at those levels, with opportu- 
nity for public and scientific participa- 
tion. It formalizes a process that has 
been occurring informally. Flexibility, 
however, remains essential to avoid 
unnecesary and protracted delays in 
decisionmaking. Clearly, a full pano- 
ply of clearance procedures, including 
a public hearing, is not essential for 
most of the functions under the guide- 
lines. For many functions, the need 
for public review can be met through 
publication in the FEDERAL REGISTER. 
For certain responsibilities, comment 
may be solicited. Because procedures 
by which policies will be developed at 
the national and local levels are of key 
importance, notice is required for 
major policy initiatives. 

Application to the Private Sector. 
Several commentators spoke on the 
application of the NIH guidelines to 
the private sector. Specifically, NIH 
was urged to provide voluntarily to 
private industry- - 


eAdvice on interpretation of the 
guidelines, 

e@Registration of projects, 

eCertification of host-vector sys- 
tems, 

e@Advice on the operation of institu- 
tional biosafety committees, and 

eProtection for patent and propri- 
etary information. 


In June 1976 representatives of pri- 
vate industry were invited to NIH to 
be briefed on the guidelines about to 
be released. Since their release, NIH 
has held several other meetings with 
representatives from the _ private 
sector. Commerce Department repre- 
sentatives on the interagency commit- 
tee played ‘a leading role in working 
with private industry on adoption of 
the safety standards of the NIH guide- 
lines. All relevant industries have 
agreed to abide by those standards. 
However, many of the services pro- 
vided to NIH grantees and contractors 
have not been extended to the private 
sector. In large part, efforts to do so 
have been held in abeyance because of 
possible Federal legislation. 

After carefully considering the com- 
ments at the public hearing and in let- 
ters received, NIH will extend certain 
added services to the private sector in 
several of the areas suggested by the 
commentators. It is still important, de- 
spite proposed legislation, that the 
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NIH provide for mechanisms to allow 
private-sector participation. Further, 
if legislation is enacted, the NIH 
guidelines will serve as the basis for 
regulation that will encompass private 
industry. Thus, a new section has been 
added to part IV that provides the op- 
portunity for industry’s participation 
in a voluntary fashion. 

Office of the Director. As suggested 
by the commentators, the responsibil- 
ities of the Director have been 
grouped, for purposes of clarity, under 
specific heading ‘‘Office of the Direc- 
tor, NIH” in the PRG. ‘NIH. For many 
of the responsibilities cited---including 
revision of the guidelines, certification 
of host-vector systems, and authority 
for exemptions and exceptions- -appro- 
priate notice and opportunity for 
public comment is specified. This op- 
portunity for comment will provide 
structure for the exercise of discretion 
by the Director. 

The PRG. RAC clarified the rele- 
vant responsibilities of the NIH Direc- 
tor and RAC with regard to the certifi- 
cation of host-vector systems. Those 
concepts are adopted in the PRG— 
NIH, 

Recombinant Advisory Committee. 
Many commentators have made sug- 
gestions concerning the _ structure, 
function, and scope of responsibility of 
the RAC. The emphasis in RAC mem- 
bership has been on ensuring relevant 
scientific representation. It is essential 
that the committee have the technical 
expertise necessary to develop, modify, 
and interpret the guidelines in light of 
scientific evidence. Representative 
have been added from scientific disci- 
plines, such as botany, to ensure a 
broad scientific overview. As a bridge 
between the implications for science 
and public policy, public members now 
serve on the committee, and additional 
public members may be added. Cur- 
rent public members are Dr. Emmette 
S. Redford, Ashbel Smith, professor of 
government and public affairs at the 
Lyndon B. Johnson School of Public 
Affairs, University of Texas, at Austin, 
and Dr. LeRoy Walters, director for 
the Center of Bioethics, Kennedy In- 
stitute, Georgetown University. 

In order to insure fairness and sensi- 
tivity to the public commentators, pro- 
cedures for nomination to the RAC 
will be in accord with the report by 
the NIH Grants Peer Review Study 
Committee. Thus, NIH will publish an 
announcement of upcoming vacancies 
periodically, with instructions on how 
to submit nominations. By this means, 
a wide spectrum of nominations will 
be considered to assure appropriate 
representation suited to the RAC’s 
needs. 

In brief, the operations of the RAC 
have been more clearly detailed in the 
PRG.-NIH. The procedures for the se- 
lection of members and the operations 
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of the committee are in the process of 
being formalized for the benefit of the 
scientific community and the public. 

NIH Components. A new section in 
the PRG-NIH now describes all other 
functions of NIH, including the re- 
sponsibilities of the Office of Recom- 
binant DNA Activities (ORDA). It 
should be noted that the responsibility 
of the peer review groups (study sec- 
tions) for an independent assessment 
of the recombinant DNA research pro- 
tocols has been eliminated. This re- 
sponsibility would be solely ORDA’s in 
conjunction with the local institution- 
al biosafety committee. 

Several commentators urged new re- 
sponsibilities for ORDA and additional 
personnel to fulfill them. Some recom- 
mended that. the Office be responsible 
for inspecting and certifying laborato- 
ries at the P3 level. Currently NIH has 
the responsibility for certifying only 
P4 facilities. At present NIH operates, 
at the Frederick Cancer Research 
Center in Frederick, Md., and at NIH 
in Bethesda the only P4 facilities in 
this country. Responsibilities for certi- 
fication falls to NIH because of the 
special nature of P4 facilities. P3 fa- 
cilities, on the other hand, do not re- 
quire special expertise at the national 
level, and there is no need for them to 
be nationally certified. As specified, 
the local institution has and should 
have responsibility for monitoring and 
certifying P1, P2, and P3 facilities. 

Several commentators urged an in- 
creased flow of information to the 
public and scientific community alike. 
ORDA is playing a key role in dissemi- 
nating information through the Re- 
combinant IXNA Technical Bulletin. 
This is a new publication that at- 
tempts to link investigators involved in 
recombinant IDNA research, both in 
the United States and abroad, with 
the active advisory groups and organi- 
zations. In light of comments received, 
the bulletin will include in the future 
far more information for institutional 
biosafety committees and for the sev- 
eral advisory groups at the national 
and social levels. 

In response to another suggestion, 
ORDA will be as available as possible 
to State and local governments for 
technical advice. Currently ORDA 
serves as a clearinghouse for informa- 
tion related to recombinant DNA ac- 
tivities internationally, nationally, and 
localiy. 


Registration and compliance 


It has become clear over the 2 years 
of administration of the guidelines 
that a new section must be added on 
general requirements for registration 
with NIH. This should apply not only 
to NIH grantees and contractors, but 
also to the private sector on a volun- 
tary basis. Further, in light of the 
review of DHEW policies on the pat- 
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enting of recombinant DNA research 
inventions, a section on disclosure of 
information is also necessary. Finally, 
as suggested, a section on compliance 
with the guidelines is needed. Thus 
new sections C and D on registration 
(including disclosure of information) 
and compliance have been added to 
the roles and responsibilities section of 
the PRG-NIH. These provisions, rec- 
ommended in many comments on the 
guidelines and at the December public 
hearing, are necessary in the absence 
of legislation. 

Registration. A number of commen- 
tators asked that the guidelines speci- 
fy the requirements for registration. 
Accordingly, a new subsection has 
been added delineating the elements. 
If other requirements need be added, 
notice will be given of any change. All 
projects subject to the guidelines must 
be registered with ORDA. Voluntary 
registration for the private sector is 
provided in the revision, in response to 
suggestions by private-sector represen- 
tatives. 

Disclosure. Many comments, as pre- 
viously noted, were directed to the 
protection of proprietary information. 
A new subsection outlining the ele- 
ments for protection of proprietary 
data is included in response to these 
suggestions. 


One commentator urged that no pat- - 


ents be granted for recombinant DNA 
research. 

Shortly after the release of the 
Guidelines in 1976, NIH received a 
letter requesting a review of DHEW 
policies relating to the patenting of re- 
combinant DNA research inventions. 
The letter prompted NIH to review 
current patent regulations governing 
institutional patent agreements and to 
consider how recombinant DNA re- 
search inventions should be handled 
under those terms. On the basis of ex- 
tensive Department and Interagency 
Committee review, it was agreed that, 
at least for the present, recombinant 
DNA research inventions developed 
under DHEW/NIH support should 
continue to be administered within 
current HEW patent agreements. 
Each agreement, however, would re- 
quire assurance of compliance with 
the physical and biological contain- 
ment standards set forth in the Guide- 
lines as a condition for the granting of 
a license. 

Policy on Noncompliance. A com- 
mentator urged that a system of fines 
be spelled out. Monetary fines, more 
appropriate for regulations under leg- 
islation, will not be specified or as- 
sessed under the Guidelines; NIH has 
no current authority to impose fines. 
It will, however, suspend, limit, or ter- 
minate a grant or contract for non- 
compliance. A commentator recom- 
mended that penalty procedures be 
specified. Should it be necessary to 


suspend, limit, or terminate a grant, 
appropriate HEW procedures will be 
followed. 

In summary, Part IV of the Guide- 
lines on Roles and Responsibilities has 
been substantially revised in response 
to suggestions from many commenta- 
tors. The PRG--NIH now provides even 
more opportunity for advice from the 
local to the national ievel. The spirit 
of cooperation and effective overview 
will be enhanced by the PRG-NIH at 


.the local level between the research 


community and the public and at the 
national level among Federal agencies, 
the scientific community, and the pri- 
vate sectors. 


Proposed Action: Environmental Impact 
Assessment 


The recommendations of the Recom- 
binant Advisory Committee have been 
carefully weighed, along with other 
public and scientific comments re- 
ceived on the Roles and Responsibil- 
ities section. In general, the PRG- 
RAC proposals have been adopted in 
the PRG--NIH, with certain modifica- 
tions based on issues raised by the Di- 
rector’s Advisory Committee and other 
commentators. The issues considered 
by the Director and a discussion of 
them follow. 

The Draft EIS on the original 
Guidelines published in 1976 elicited a 
number of recommendations that 
greater detail be provided on NIH im- 
plementation of the Guidelines for 
NIH grantees and contractors. They 
also recommended .extending the 
Guideline standards to all public and 
private sectors where such research is 
being conducted. More specifically, 
commentators expressed the following 
concerns. 


eThat the membership of institu- 
tional biohazards committees (IBCs) 
should include specialists in popula- 
tion dynamics, ecology, and other dis- 
ciplines; 

@That the Draft EIS did not empha- 
size relevant safety training for labo- 
ratory personnel; 

@That the NIH Guidelines had a far 
too limited scope, not reaching re- 
search in the non-Federal sectors; 

e@That the termination of NIH funds 
for violation of the Guidelines may 
not be the best sanction; 

e@That the inspection, certification, 
and surveillance processes might not 
insure compliance; 

eThat more attention should be 
given to medical surveillance and epi- 
demiologic measures in the event of 
possible infection of the laboratory 
worker or contamination of the envi- 
ronment; and 

@That local and State authorities be 
involved in the review and contain- 
ment processes at the local level. 


These comments were specifically 
addressed in the Final EIS. It was 
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noted that the Guidelines established 
an administrative framework for as- 
signing responsibility to insure safety 
in NIH-supported recombinant DNA 
research—a __s responsibility shared 
among principal investigators, their in- 
stitutions, and NIH. The institutions 
were required to establish biohazards 
committees to carry out institutional 
responsibilities. 

As discussed in the Final EIS, there 
were several factors contributing to 
the expectation that NIH grantees, 
contractors, and intramural scientists 
would comply with the Guidelines. 
They included the fact that noncom- 
pliance could result in the termination 
of funding; that investigators and 
their institutions share responsibilities 
for compliance; and that peer pressure 
on investigators for compliance would 
be accomplished through responsible 
institutional officers, local biohazards 
committees, and NIH review. 

The Final EIS also discussed, in re- 
sponse to commentators, general Fed- 
eral regulations of all such research to 
insure that work beyond the aegis of 
NIH would be done under the safety 
standards of the Guidelines. A Federal 
Interagency Committee, chartered by 
the Secretary of HEW with the ap- 
proval of the President, was convened 
under the chairmanship of Dr. Donald 
S. Fredrickson, Director, NIH. In 
March 1977 that committee with rep- 
resentatives of all relevant research 
and regulatory agencies recommended 
to the Secretary of HEW that legisla- 
tion be enacted to regulate all recom- 
binant DNA research. HEW Secretary 
Califano had legislation developed in 
light of the committee’s recommenda- 
tions. An administration bill drafted 
by the Department was introduced in 
the Senate by Senator Edward M. 
Kennedy, Chairman of the Subcom- 
mittee on Health and Scientific Re- 
search of the Senate Committee on 
Human Resources, and in the House 
by Representatives Paul C. Rogers, 
Chairman of the Subcommittee on 
Health and the Environment of the 
Interstate and Foreign Commerce 
Committee. Congressional hearings 
were held, and respective committee 
bills were drafted, but not acted upon 
by Congress in its first session. New 
committee bills are pending congres- 
sional action. 

The PRG-NIH, Parts I through III, 
’ reflect in large measure the safety of 
many of the experiments that would 
be exempt from the Guidelines or al- 
lowed at lower containment condi- 
tions. These changes are now proposed 
following an assessment that there 
would be no significant impact on the 
environment from the proposed revi- 
sions. The changes in Part IV largely 
reflect the concerns of the environ- 
mental commentators for greater em- 
phasis on training in occupational and 
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environmental safety and on explicit 
penalties for noncompliance. In addi- 
tion, measures are provided that 
would allow private-sector engagement 
with the NIH, including registration of 
recombinant DNA activities. 

To address occupational and envi- 
ronmental health and safety concerns, 
several changes are proposed in the 
implementation, review, and monitor- 
ing of recombinant DNA activities at 
the local and national levels, to insure 
appropriate safety practices and proce- 
dures that would minimize any signifi- 
cant environmental impact. These 
modifications primarily focus on a re- 
structuring and amplification of Part 
IV, “Roles and Responsibilities,” and 
an important and significantly ex- 
panded delegation of authority to 
local institutions. 

These major changes from the 1976 
Guidelines, which extend beyond the 
PRG-RAC, have resulted from a care- 
ful consideration of many comments 
received. The foremost concern during 
this process was to insure occupational 
and environmental safety, while at the 
same time refining the interdependent 
roles necessary to achieve this goal. 
Also, it was desirable to try to simplify 
and clarify administration of the 
Guidelines, as suggested by several 
commentators, thereby promoting a 
more successful application of their 
safety features. The revisions that 
have been proposed for Part IV repre- 
sent a further step toward insuring 
the safe conduct of this research and 
minimizing the possibility of any unto- 
ward environmental effects. 

In response to several requests for 
expanding the applicability of the 
guidelines, institutions receiving NIH 
funds for recombinant DNA projects 
and their “biosafety committees” (the 
proposed new designation for bioha- 
zards committees) are given responsi- 
bility for reviewing all recombinant 
DNA work conducted at the institu- 
tion regardless of source of funds. This 
increase in the scope of review will 
better insure the safe conduct of re- 
combinant DNA research. 

Further, biosafety committees 
(IBCs) have been given broader re- 
sponsibilities. The PRG-RAC pro- 
posed to allow the IBC’s to approve 
single-step reductions in containment 
levels in experiments with purified 
DNA or characterized clones. This is 
retained in the PRG-NIH. In response 
to other comments, however, it is 
deemed necessary to specify IBC re- 
sponsibilities for determining contain- 
ment levels required by the guidelines. 
The PRG-NIH requires the IBC’s to 
make independent evaluations of 
these containment levels. This should 
strengthen safety considerations local- 
ly 


It was also suggested that NIH dele- 
gate to biosafety committees the re- 
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sponsibility for approving or disap- 
proving, on behalf of the institution, 
proposed recombinant DNA research, 
based on their independent assessment 
of the safety standards applied, and 
that IBC approval be sufficient for the 
research to proceed. NIH, through 
ORDA, would review all local commit- 
tee actions to insure compliance with 
the guidelines, thereby maintaining 
national standards. This proposal has 
a number of advantages. It would sim- 
plify previous approval procedures and 
minimize delays due to NIH adminis- 
tration. Accountability for safe con- 
duct of the research would reside at 
the local level, with appropriate Fed- 
eral overview. 

It is believed that incorporation of 
these recommendations for increased 
local authority would enhance imple- 
mentation of the guidelines, since im- 
portant. responsibilities are clarified 
and more suitably located. 

As mentioned earlier, another major 
change includes the restructuring and 
amplification of Part IV of the guide- 
lines. Publication of the Director’s de- 
cision on the 1976 guidelines, the draft 
EIS, and the PRG-RAC elicited nu- 
merous comments calling for more dis- 
cussion and information on implemen- 
tation, particularly for further clarifi- 
cation of responsibilities and roles at 
the local level. Accordingly, the con- 
tents of Part IV are presented in a 
format different from the current 
guidelines and the PRG-RAC, with 
the intent of more clearly alining the 
various duties. 

At the request of several commenta- 
tors, Appendix D, dropped from the 
PRG-RAC, has been revised and up- 
dated as “Laboratory Safety Mono- 
graph—A Supplement to the NIH 
Guidelines for Recombinant DNA Re- 
search.” It provides a compendium of 
useful safety information, including 
instructions on emergency procedures, 
laboratory .techniques for biohazard 
control, and decontamination and dis- 
posal methods. Expanded to include 
complementary information on roles 
and responsibilities, it provides direc- 
tions for the operation of a biosafety 
committee, suggestions to increase the 
biological safety officer’s efficiency, 
and more detail on the elements of a 
medical surveillance program. Criteria 
for certifying biological safety cabi- 
nets illustrate the level of detail. It is 
believed that the PRG-NIH, strength- 
ened by these additions, provide a 
higher measure of protection for re- 
searchers, the public, and the environ- 
ment. 

Considerable attention has been fo- 
cused on the institutional biosafety 
committees. Commentators have 
raised questions concerning the com- 
mittees’ role, membership, and oper- 
ation. Consideration of various sugges- 
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tions has resulted in changes in the 
IBC membership requirements. 

_ Noninstitutional representation is 
now proposed on biosafety commit- 
tees, going beyond the PRG-RAC. 

The role and responsibilities of the 
local biosafety committees have been 
restated and refined in response to nu- 
merous comments. They are also 
strengthened by the required member- 
ship of the biosafety officer. The 
PRG-RAC proposed the designation 
of a biological safety officer for each 
institution where P3- and P4-level re- 
combinant DNA research was conduct- 
ed, reflecting the practice of a growing 
number of American institutions and 
the recommendations of the British 
“Williams Committee Report.” The re- 
quirement is intended to insure that a 
clearly designated individual will have 
the primary administrative responsi- 
bility for the implementation of insti- 
tutional policies and biosafety commit- 
tee decisions. 


A related issue which drew several . 


comments and recommendations con- 
cerned medical surveillance, or health 
monitoring. Responsibility for deter- 
mining medical surveillance proce- 
dures for research personnel was 
transferred from the principal investi- 
gator to the institution, because the 
RAC felt that institutions would have 
access to a broader range of expertise. 

Specific information on medical con- 
ditions was moved to the laboratory 
safety monograph, which includes ad- 


ditinal recommendations on health. 


monitoring and program content. Gen- 
eral language describing the elements 
of a medical surveillance program was 
retained in Part IV as part of the insti- 
tution’s responsibility. 

The addition of information and the 
further emphasis on health monitor- 
ing should enhance occupational 
health and safety at the lotal level. It 
should be noted that a collaborative 
effort is underway between NIH and 
the Center for Disease Control to es- 
tablish a mechanism for providing 
emergency teams of experts to re- 
spond to major laboratory accidents. 

Probably no other issue generated as 
much comment as that of training. Ac- 
cording to one commentator, training 
“probably represents the key — to 
safety.” He goes on to say that any 
break in technique could destroy phys- 
ical containment procedures. Indeed, 
training in good microbiological prac- 
tices could be considered the first line 
of defense, as it serves to protect the 
worker as well as prevent contamina- 
tion of the environment inside and 
outside the laboratory. The PRG-RAC 
proposed the addition of a require- 
ment for the training of research per- 
sonnel] in the use of good microbiologi- 
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cal technique. In the PRG-NIH, the 
principal investigator must be trained, 
and must insure the training of labo- 
ratory personnel, before undertaking 
recombinant DNA experiments. The 
laboratory safety monograph includes 
a section on “Laboratory Techniques 
for Biohazard Control’ which de- 
scribes good practices regarding pipet- 
ting, centrifuging, and the use of sy- 
ringes and needles. Altogether, train- 
ing requirement s have been further 
emphasized and strengthened in the 
PRG-NIH. 

Several commentators wanted train- 
ing standards to be set in the Guide- 
lines or by NIH, the institution, or the 
biosafety committees. Others opposed 
setting standards. Still others recom- 
mended mandatory, formal evaluation 
and certification of investigators to 
test for competency in microbiological 
techniques. NIH is currently funding a 
Working Panel of the American Soci- 
ety of Microbiology (ASM) which is 
considering standards of training in 
microbiological techniques for recom- 
binant DNA research. Plans call for 
the dissemination of a report for the 
use of institutions, IBC’s, and princi- 
pal investigators, once NIH receives 
the recommendation of the ASM 
Panel. 

NIH considers it premature to re- 
quire national certification, as suggest- 
ed by some. There are so few models 
for formal training standards in bio- 
medical research that NIH has decided 
to proceed cautiously, while continu- 
ing to promote safety training. As yet, 
there is no consensus, no one best way 
to accomplish this training, and there- 
fore the desired results may best be 
achieved by allowing institutions, bio- 
safety committees, and investigators 
some _ flexibility. Meanwhile, NIH 
plans to develop courses to be based 
on the NIH/ASM standards and to 
offer them widely. The Laboratory 
Safety Monograph also contains a 
summary of safety training aids, mate- 
rials, and courses offered by the NIH 
and others. 

From the discussion of these issues, 
it should be evident that measures 
have been undertaken in the revision 
of Part IV of the Guidelines to empha- 
size occupational health and safety. 
The principal measures would be the 
strengthening of training require- 
ments and activities, the designation 
of someone in the institution as a 
member of the biosafety committee to 
handle biological safety questions gen- 
erally, the delegation of more authori- 
ty to the institution, and better defini- 
tion of responsibilities at the local 
level. The impact of these actions will 
be the promotion of safer conduct of 
this research, thus affording a greater 


measure of protection to the environ- 
ment. 

In summary, a key focus of public 
comment was on “procedural due proc- 
ess’”’ to insure public participation in 
the development of NIH recombinant 


DNA policies. In response to those 
suggestions in several instances, op- 
portunity for public comment is af- 
forded through activities of the Direc- 
tor, NIH, and the RAC. In addition, 
public representation on the RAC will 
be considered further, with a nomina- 
tion process to insure a wide range of 
individuals for selection. New general 
compliance and registration sections 
have been included in the PRG-NIH 
that do not appear in the current 
Guidelines. These sections are directly 
responsive to stated concerns that the 
importance of these safety standards 
and procedures be emphasized. 

NIH will continue to work closely 
with other relevant research and regu- 
latory agencies, particularly the Envi- 
ronmental Protection Agency and the 
Occupational Safety and Health Ad- 
ministration. Both of these agencies 
are represented on the Federal Inter- 
agency Committee on Recombinant 
DNA Research. 

NIH has created over the past 2 
years several internal committees that 
are critically examining areas where 
work with potential biohazards is in- 
volved in the laboratory. 

Finally, a key concern of all com- 
mentators was the need for programs 
in occupational and environmental 
safety which would include health sur- 
veillance for laboratory personnel and 
the community. Recombinant DNA re- 
search policies have stimulated a 
broad NIH commitment and interest 
in laboratory safety. NIH has a man- 
date for national leadership in labora- 
tory safety programs, and the pro- 
posed revisions reflect full acceptance 
of that responsibility. 


APPENDIX A-1 


Table: Comparison of Containment 
Levels 


The following table compares the 
containment levels for all permissible 
types of recombinant DNA experi- 
ments. It designateS the levels under 
the Guidelines now in effect (since 
June 1976), under those proposed by 
the RAC (September 1977), and under 
the present NIH-proposed revisions. 

A dash (—) indicates that the catego- 
ry is not classified in the edition of the 
Guidelines under which the dash ap- 
pears. 

It should be stressed that the table 
is not definitive, since the contain- 
ment levels of the Guidelines have 
been redefined and other require- 
ments modified. 
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NOTICES 


Appendix A 


COMPARISON OF THE CONTAINMENT LEVELS OF THE 1976 GUIDELINES 
AND THE PROPOSED REVISED GUIDELINES 





CONTAINMEN?’ LEVELS 





RAC PROPOSED NIH DIRECTOR'S 
JUNE 1976 GUIDELINES REVISED GUIDELINES . REVISED GUIDELINES 











PHYSICAL BIOLOGICAL PUYSICAL BIOLOGICAL PHYSICAL BIOLOGICAL 





Shotgun Experiments 





Primate 

Primate DNA fron uninfected 
cells. 

Embryonic primate 

Manmals (other than primates) 
Birds 


Gold blooded vertebrates 
embryonic and germ line 


producing potent toxins 


producing potent polypetide 
toxins ‘ P 


Lower eukaryotes 


producing toxins, or are 


pathogens 
Shotgun Experiments (Cont.) 





producing potent polypeptide 
toxins, or are pathogens 


producing non-polypeptide 
toxins 


producing toxins affecting 
invertebrates or plants. 


renainder of species 

Plants 
catrying pathogens or making 
daiyerous “products 


carrying pathogens or making 
polypeptide toxins 


making potent polypeptide toxins 


making non-polypeptide toxins 
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NOTICES 


COMPARISON OF ‘IIE CONTAINMENT LEVELS OF THE 1976 GUIDELINES 
AND ‘IIE PROPOSED REVISED GUIDELINES 





INSERTED DNA CONTAINMENT LEVELS 











RAC PROPOSED NIH DIRECTOR'S 
JUNE 1976 GUIDELINES REVISED GUIDELINES REVISED GUIDELINES 











PHIYSICAT, BIOLOGICAL PHYSICAL BIOLOGICAL PHYSICAL BIOLOGICAL 





Prokaryotes exchanging genetic 
information with EF. coli 


20. Class 1.COC agents 
21. Class 2 CDC agents 
22. Prokaryotes not exchanging genetic See Prokaryotic 
information with E. coli DNA recombinants 
(Categories 24-26) 
23. it pathoyenic species 
Prokaryotic DNA recombinants 


24. source of DNA is extensively 
characterized 


2& source of DNA is not 
extensively characterized 


source of DNA is pathogenic 
species 


Characterized clones 





Species thal exchange inform See Characterized clones 


tion with E. coli (Category 50) 





Species that do not exchan»: p See Characterized clones See Characterized clones 
with B. coli (Category 50) (Category 50) 








Purified DNA other than One step reduction in physical Sane Same, except for primate DNA 
Plasmids, Bacteriophages, or biological containment fran (See Footnote #1) 
and Other Viruses: that used in corresponding shot- 

gin experiments 





Plasmids, Bacteriophages and 
Other Viruses 
Animal viruses See Categories 
32-41 


when clones shown to be 
free of hamful regions See Categories 


32-41 
Viruses of Warm-Blooded Vertebrates 


NNA viruses + transcripts of 
retrovirus genomes 
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COMPARISON OF THE OONTAINMENT LEVELS OF THE 1976 GUIDELINES 
AND ‘THE PROPOSED REVISED GUIDELINES 





CONTAINMENT LEVELS 





RAC PROPOSED NIH DIRECTOR'S 
JUNE 1976 GUIDELINES REVISED GUIDELINES REVISED GUIDELINES 


— 





PHYSICAL BIOLOGICAL PHYSICAL BIOLOGICAL PHYSICAL BIOLOGICAL 





for purified subgenanic P3 EK2 
segments or less than con- 
plete genane 


DNA transcripts of other RNA 
viruses 


non-segmented genane See Categories 
32-41 
seymented genome : ie. P3 EX2 
Viruses of Cold-Blooded Vertebrates 


DNA viruses # transcripts of 
retrovirus genomes 


for purified subgenanic 
segments or less than can- 
plete genane 


DNA transcripts of other RNA 
viruses 


non-segmented genane See Categories 
36-37 
segmented genome P2 EK2 


Viruses of Invertebrates and 
Protozoa 


Baculoviruses, EPA registered Pl FK2 
or P2 EKl 


, Other viruses Same as for viruses of 
cold-blooded vertebrates 
Plant viruses P3 EX1 
P2 EX2 
Primate mitochondria P3 EK1 
- e P2 EKX2 
Other eukaryotic mitochondrial P2 EKl 
or chloroplast. DNA 


Eukaryotic mitochondrial or 
chloroplast DNA 


Prokaryotic plasmid or phage Same as shotgun 
which exchange with E. coli conditions for host Same as shotgun 
; conditions 
for host 
when known not to contain harm- Pl FKL (See Footnote #3) 
ful genes, or purified segments 
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NOTICES 


COMPARISON OF THE CONTAINMENT LEVELS OF THE 1976 GUIDELINES 
AND TIIE PROPOSED REVISED GUIDELINES 





CONTAINMENT LEVELS 





JUNE 1976 GUIDELINES 


RAC PROPOSED 
REVISED GUIDELINES 


NIH DIRECTOR'S 
REVISED GUIDELINES 


‘ 





PUYSICAL BIOLOGICAL 


‘PHYSICAL BIOLOGICAL 





PHYSICAL BIOLOGICAL 





48. Prokaryotic plasmid and 
Phage which do not exchange 


information with E. coli 


49. minimum containment 


50. Characterized Clones 





Animal Host-Vector Systems 





Defective polyona virus 





Containing DNA of non- 
pathogenic organism 
Containing class 2 animal 
virus sequences 


when clone shown to contain 
only harmless regions 


Defective SV40 virus 





DNA fran any non-pathogenic 
organisin or Class 1 virus 


if inserted segment is 

purified prokaryotic DNA or 
previously cloned eukaryotic 
DNA whose function is known 


if defective SV40 lacks 
late region, there is no 
helper virus, and no 
infectious virus is being 
produced 


if non-permissive cells 
trans fonned 


Defective or intact polyoma 
virus 





Containing DNA of Class 1 or 
Class 2 bacteria, except for 
Species producing potent 
polypeptide toxins 


Same as shotgun 
conditions for host 


P3 ExXl 
or P2 EX2 


See Characterized clones 
(Category 27-28) 





cultured cells 


cultured cells 


cultured cells 


established cell 
lines 


established cell 
lines 


established cell 
lines 


established non- 
permissive cell 
lines 


Same as shotgun 
conditions for host 


IBC may approve single- 
step reduction in physical 
or biological containment 


Reduction of more than one 
step requires NIH approval 


See Categories 58-60 


See Categories 58-60 


See Categories 58-60 


See Categories 61-65 


See Categories 61-65 


See Categories 61-65 


See Categories 61-65 


cultured cells 
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Same as shotgun 
conditions for host 


IBC may approve single- 
step reduction in physical 
or biological containment, 


except for primate DNA 


Reduction of more than one 
step, or reduction of pri- 
mate DNA requires NIH 
approval. 





NOTICES 


4 
COMPARISON OF THE CONTAINMENT LEVELS OF ‘THE 1976 GUIDELINES 
AND THE PROPOSED REVISED GUIDELINES 





INSERI'FD) DNA CONTAINMENT LEVELS 





RAC PROPOSED NIH DIRECTOR'S 
JUNE 1976 GUIDELINES REVISED GUIDELINES REVISED GUIDELINES 











PHYSICAL BLOLOGICAL PHYSICAL BIOLOGICAL PHYSICAL BIOLOGICAL 





59. Containing DNA of eukaryote P3 cultured cells 


not producing potent poly- 
peptide toxin 





Unconditionally defective polyoma 
virus ’ . 


Subyenanic segments of Class 1 P3 cultured cells 
or Class 2 viruses which do not . 
replicate in mouse cells 


SV40_and Adenovirus Types 2 
and 5 ; 


Unoonditional ly defective by 
deletion in essential gene 
region 


if inserted DNA is fran P4 cultured cells 
Class 1] or 2 bacteria (except 

for species producing potent 

polypeptide toxins) or fran 

eukaryote not producing 

potent polypeptide toxin 


if inserted DNA is purified cultured cells 
prokaryotic segment, or 

identified segment of 

eukaryotic DNA previously 

cloned in prokaryotic 

host-vector system 


Unoonditionally defect ive 
by deletion in capsid genes 


containing DNA fran Class 1 ‘ established 
agents cell line 


if vector is knuwn to be established 
free of complete viral cell line 
genane 


SV40 or Ad. 2 and 5 DNA plus non-permissive 
Subyenonic sequences fran cells 
eukaryotic organisms or 

Class 1 or 2 agents; recan- 

binant molecule defective and 

no virus being produced 
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APPENDIX A 


FOOTNOTES 


1. Lowering of containment below these 
levels (i.e., for purified DNA or character- 
ized clones) cannot be made solely by an in- 
stitutional biosafety committee, but re- 
quires NIH approval. 

2. Plant pathogenic or synbiotic fungi that 
do not produce potent toxins are specifically 
included among the remainder of species in 
this class of lower eukaryotes. 

3. It is expected that many of the prokar- 
yotes that exchange genetic information 
with E. coli by known physiological process- 
es will be exempted from these Guidelines 
by appearing on the “list of exchangers” 
(See Guidelines, Section I-E-4.) 

*See table III of Guidelines, Section III- 
A-2-a-(2)-(e). 

**See table IV of Guidelines, Section III- 
C-3. 


APPENDIX B-1 


Table: Classification of NIH-Funded 
Experiments as of December 1976 


The following table lists all P2 and 
P3 recombinant DNA research pro- 
jects supported by NIH as of Decem- 
ber 1977. The P1 projects are roughly 
a 50-percent sample. The table desig- 
nates the containment labels under 
the Guidelines now in effect (since 
June 1976), under those proposed by 
the RAC (September 1977), and under 
the present NIH-proposed revisions. 
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APPENDIX C 


RESPONSES TO SOME COMMENTS ON THE 
NIH ENVIRONMENTAL IMPACT STATE- 
MENT, BY PUBLIC WITNESSES AT THE 
DAC MEETING, DECEMBER 15-16, 1977 


At the public meeting of the Adviso- 
ry Committee to the Director, NIH, 
held at the National Institutes of 
Health in December 1977, witnesses 
representing environmental groups 
commented on the “Environmental 
Impact Statement on NIH Guidelines 
for Research Involving Recombinant 
DNA Molecules,” published by NIH in 
October 1977. Some of. the comments 
and responses by the Office of the Di- 
rector, NIH, are summarized below. 

Comment 1. “The environmental 
impact statement does not respond to 
the arguments that any gene, if ex- 
pressed out of its normal context, has 
the potential for being ‘harmful.’ Ap- 
pendix K59-62” (of the EIS). 

Response. Page 23 of the EIS (sec- 
tion IV-C-1) states that the “‘stable in- 
sertion of DNA derived from a differ- 
ent species into a cell or virus (and 
thus the progeny thereof) may change 
certain properties of the host. The 
changes may be advantageous, detri- 
mental, or neutral with regard to (a) 
the survival of the recipient species, 
(b) other forms of life that come in 
contact with the recipient, and (c) as- 
pects of the nonliving environment. 
Current knowledge does not permit ac- 
curate assessment of whether such 
changes will be advantageous, detri- 
mental, or neutral, and to what 
degree, when considering a particular 
recombinant DNA experiment.” This 
statement and subsequent elaboration 
acknowledges the commentator’s 
point—that any gene, if expressed out 
of its normal context, has a potential 
for doing harm. The EIS does not 
qualify here—does not limit itself to 
the effects of “harmful” genes, such 
as those coding for synthesis of a 
toxin. Section IV-C proceedes to dis- 
cuss ways in which hazardous agents 
might be produced. Factors such as 
survival of the host cell, survival of 
vectors, and effects of hosts or vectors 
on other forms of life are considered. 
Moreover, the guidelines classify all 
DNA that might be manipulated, so 
that some measure of containment is 
required for any recombination. Thus 
“any gene” is covered. 

Comment 2. “The EIS does not re- 
spond to the argument that while E. 
coli K-12 does not normally colonize 
the human colon, it is incorrect to 
infer that this property renders it 
harmless to humans. Appendix K62- 
64.” 

Response. The letter cited (Zimmer- 
man, Environmental Defense Fund) 
argues that £. coli K-12’s survival per 
se is not the issue—that genetic ex- 
change is. The point is covered in sec- 


NOTICES 


tion IV-C-1-b-(2) on page 29 of the 
EIS: “When a cell or virus dies, or 
comes close to or invades the tissue of 
another living organism, the re- com- 
binant DNA may effectively enter a 
new cell. A hazardous 
situation * * * might ensue if foreign 
proteins were manufactured in this 
‘secondary’ recipient” (et seq.). Fur- 
ther treatment of the issue is present- 
ed in section VI-C, page 76, under the 
heading “Transfer of Foreign DNA 
from E. coli K-12.” The EIS does not 
infer that the demonstrated reluc- 
tance of E. coli K-12 to colonize the 
human intestine renders it entirely 
harmless. If that were so, there would 
be no guidelines as we know them, 
where experiments using this attenu- 
ated organism are classified over the 
whole range of containment possibili- 
ties. 

Comment 3. “The possibility that an 
organism containing chimeric DNA 
could possess properties exhibited by 
neither the host nor the organism is 
not considered. No response to this in 
the EIS. Appendix K65.” 

Response. Section IV-C-1 of the EIS, 
pages 23-31, describes the ways in 
which recombinant DNA experiments 
might be hazardous. Under the subti- 
tle “The effect of bacteria and viruses 
containing recombined DNA on other 
forms of life, “there are sections ex- 
plaining basic mechanisms whereby a 
recipient microorganism might be al- 
tered with regard to its pathogenicity 
or toxicity as a result of a resident re- 
combinant. “Foreign DNA inserted 
into a bacterial gene,” it is stated, 
“might so alter the microbial cell’s 
properties that it becomes harmful to 
other organisms. This might happen, 
for example, through a change in the 
growth rate and competitive advan- 
tage of the recipient microbial cell, re- 
sulting in increased virulence of a 
mildly pathogenic bacteria.” (EIS, p. 
29) The statement and those following 
it are broad enough to include the pos- 
sibility that “an organism containing 
chimeric DNA could possess properties 
exhibited by neither the host nor the 
organism” (which probably means 
“neither the foreign donor nor the 
host organism”). In other words, the 
EIS has nowhere denied this possibil- 
ity and, indeed, addressed it in a gen- 
eral way by considering the various 
mechanisms through which hazards 
might arise. 

Comment 4. “There is no adequate 
response to the criticism that the pub- 
lication of the EIS after the release of 
the guidelines negated the purpose of 
the National Environmental Policy 
Act, i.e., to secure broad public com- 
ments on the guidelines and the policy 
of expansion they assume. Appendix 
K31.” 

Response. The EIS on page 2 re- 
sponds to the above criticism as fol- 
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lows: “Although NEPA assumes that 
such Federal actions will not be taken 
until the NEPA procedures are com- 
pleted, the Director of NIH concluded 
that the public interest required im- 
mediate issuance of the guidelines, 
rather than deferral for the months 
that would be required for completion 
of the NEPA process. This was be- 
cause experiments utilizing recom- 
binant DNA technology were proceed- 
ing in various laboratories throughout 
the country with only general and 
purely voluntary restrictions.” The 
statement is still valid, and it is diffi- 
cult to see how the NIH might better 
have acted in the public interest. NIH 
has pointed out elsewhere that the re- 
lease of guidelines was a positive act in 
the interest of public safety, not an 
act that could in any way be construed 
as negative or hazardous. 

Comment 5. ‘“‘No response or correc- 
tion of the lack of ‘classification 
system for pests and pathogens of 
plants and animals on the basis of 
their hazards to agriculture such as 
exists for etiologic agents of disease on 
the basis of their hazard to humans.’ ”’ 
Correspondence between Drs. John W. 
Littlefield and Peter Day, April 14, 
1977. 

Response. The EIS addresses the 
guidelines’ treatment of plant and 
animal sources of DNA on page 120, 
first paragraph. It explains that the 
analysis of potential hazards in the 
EIS is given in a general way that is 
equally applicable to persons, animals, 
and plants. The section of the guide- 
lines on plants has been expanded in 
the proposed revision. Specifications 
for plant host-vector systems provide 
safeguards in greenhouses, growth 
chambers, etc., that meet the stand- 
ards for experiments involving other 
life forms. As to a classification 
system, a workshop on risk assessment 
of agricultural pathogens, comprising 
distinguished American plant patholo- 
gists, was held on March 20-21, 1978 
(as announced on March 6 in the Fep- 
ERAL REGISTER) under the sponsorship 
of the U.S. Department of Agriculture, 
the National Science Foundation, and 
the National Institutes of Health. The 
report of this workshop constitutes ap- 
pendix G. It was presented to the Re- 
combinant Advisory Committee at its 
meeting on April 27-28, 1978, and was 
unanimously endorsed with certain 
minor amendments. The recommenda- 
tions of the RAC have been adopted in 
the NIH Director’s proposed revised 
guidelines (PRG-NIH) with additional 
minor amendments to sections dealing 
with the use of.plants and plant path- 
ogens in recombinant DNA research. 

Comment 6. “No response to Dr. 
Peter Albersheim’s concern over the 
use of the organism Agrobacterium tu- 
mefaciens in nitrogen-fixation work. 
Correspondence with Dr. Fredrickson, 
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July 10, 197%. Comments (peach-col- 
ored book) p.1.” 

Response. The letter to Dr. Fredrick- 
son, July 10 (actually to Dr. Gartland, 
July 5, and received July 10) com- 
ments on the guidelines rather than 
the EIS. All letters received in re- 
sponse to the draft EIS are included in 
appendix K of the final EIS and are 
responded to on page 113-137 of the 
final EIS. Our response to Comment 5 
above is also applicable to this com- 
ment—i.e., the EIS discusses plants on 
pages 23 and 120, and further discus- 
sion of this issue was held at the 
recent workshop on risk assessment of 
agricultural pathogens, which has led 
to changes in the PRG-NIH. 


APPENDIX D 


DISCUSSION OF THE “LIST OF EXCHANG- 
ERS” CONSTITUTING APPENDIX A TO THE 
GUIDELINES 


Section I-E-4 of the Guidelines 
states that certain recombinant DNA 
molecules are exempt from the Guide- 
lines. These are molecules that ‘‘con- 
sist entirely of DNA segments from 
different species that exchange DNA 
by known physiological processes, 
though one or more of the segments 
may be a synthetic equivalent. A list 
of such will be prepared and periodi- 
cally revised by the Director, NIH, on 
the recommendation of the Re- com- 
binant DNA Advisory Committee, 
after appropriate notice and opportu- 
nity for public comment. Certain 
classes are exempt as of publication of 
these Revised Guidelines. The list is in 
Appendix A.” 

The natural transfer of genes be- 
tween bacteria occurs by transduction 
(bacterial virus-mediated), transforma- 
‘tion (uptake of isolated DNA by a bac- 
terial cell), or conjugation (plasmid- 
mediated transfer of genes between 
bacteria, requiring cell-to-cell contact). 
A reasonable generalization is that vir- 
tually ail closely related species of bac- 
teria can exchange genes by transduc- 
tion and transformation, the former 
limited by the relatively narrow host- 
range of transducing bacteriophage 
and the latter by the requirement, in 
the case of chromosomal DNA, for ho- 
mology of DNA in most recombination 
events. Conjugal mating with ex- 
change of DNA can occur between vir- 
tually all Gram-negative bacteria, in- 
cluding naturally occurring soil and in- 
testinal species, when mediated by a 
plasmid of broad host-range (for ex- 
ample, the Inc P-1 group plasmids). 
Recently, conjugal mating has also 
been shown to occur between strains 
of certain species of Streptococcus, a 
Gram-positive organism (for example, 
Streptococcus faecalis). To date, how- 
ever, conjugal mating has not been 
demonstrated between Gram-negative 
and Gram-positive bacteria. 


, 
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The relatedness of different micro- 
bial species can be estimated by deter- 
mining the extent of DNA homology 
between them or by studying the 
properties of different microorganisms 
in genetic crosses. As a general rule, 
organisms that show considerable ho- 
mology of their nucleotide sequences 


under a standard set of experimental - 


conditions have the capacity to mutu- 
ally integrate chromosomal genes. For 
example, in the case of the Enterobac- 
teriaceae family of bacteria (includes 
Escherichia coli K-12), there is both 
extensive DNA-DNA homology (1) and 
chromosomal gene exchange, (2) with 
a reasonable correlation between the 
degree of DNA-DNA homology and 
the capacity to mutually integrate 
chromosomal genes. 

Genetic relatedness, as indicated by 
a high level of DNA-DNA homology 
between different microorganisms, is 
not, however, an absolute requirement 
for the exchange of chromosomal 
genes between bacteria. In fact, chro- 
mosomal gene transfer among diverse 
members of the Gram-negative group 
of bacteria has been demonstrated 
where the microorganisms involved 
show little or no DNA-DNA homology. 
In these cases the exchange of chro- 
mosomal genes is promoted by a 
broad-host-range plasmid of the Inc P- 
1 incompatibility type. These plasmids 
mobilize the chromosomes of a wide 
variety of Gram-negative bacteria, in- 
corporate segments of these chromo- 
somes, and are capable of establishing 
themselves along with covalently- 
linked chromosomal genes in a wide 
range of Gram-negative bacteria. (3) 

Appendix A to the Guidelines con- 
tains a list of documented cases of 
chromosomal gene exchange between 
a variety of bacteria and E. coli K-12 
where the gene exchange is promoted 


by Inc P-1 or other plasmids. The first . 


ten entries in this table are members 
of the Enterobacteriaceae family of 
bacteria. The bacterial species in this 
family not only show chromosomal 
gene exchange but, as indicated above, 
exhibit extensive DNA-DNA homol- 
ogy. References listed at the end of 
this Appendix (4) provide documenta- 
tion for the entries in Appendix A to 
the Guidelines. All entries in Appen- 
dix A exhibit R-prime transfer (R 
plasmid carrying chromosomal genes) 
to E. coli K-12 mediated by the Inc P- 
1 or other plasmids. 

The Recombinant DNA Advisory 
Committee at its April 27-28, 1978, 
meeting proposed three possible alter- 
native lists for consideration by the 
Director, NIH, to become Appendix A 
to the Guidelines. 

The first list with its criteria and en- 
tries was as follows: 


The following organisms of the Entero- 
bacteriaecae family exhibit chro- mosomal 
DNA relatedness (20 percent or more ho- 


mology of DNA of various pairs tested) and 
genetic recombination or R-prime (R plas- 
mid carrying chromosomal genes) transfer 
to E. colt K-12 mediated by the Inc P-1 
plasmids. 


All species of the following genera: 


. Escherichia (including E. coli K-12) 
. Shigellae 

. Salmonella 

. Enterobacter 

. Arizona 

. Citrobacter 

. Klebsiellae 


In addition, the following species: 


. Erwinia amylovora 

. Erwinia dissolvens 

. Erwinia minipressuralis 
. Serratia marcescens 

. Levinea malonatica 

. Levinea amalonatica 


The second list proposed by the 
RAC included all the members of the 
first list but added additional mem- 
bers. The criteria used are that all the 
members of the list exhibit R-prime 
transfer (R plasmid carrying chromo- 
somal genes) to E. coli K-12 mediated 
by the IncP-1 or other plasmids. This 
is the list which (which certain dele- 
tions) was selected by the Director, 
NIH to become Appendix A to PRG- 
NIH. The references supporting the 
entries to this list are give (4) at the 
end of this Appendix. 

The third list included all the mem- 
bers of the second list but adds addi- 
tional members. This list, with its cri- 
teria and entries, was as follows: 


The following genera and/or species pos- 
sess R plasmids (including R plasmids of the 
IncP-1 group) transferable to E. coli K-12. 


1. All members of the Enterobacteriaceae 
family 
2. Vibrio species (except Vibrio para- hemo- 
lyticus) 
3. Pseudomonas species 
4. Rhizobium species 
5. Acinetobacter caicoaceticus 
6. Agrobacterium tumefaciens 
7. Rhodopseudomonas sphaeroides 
8. Caulobacter crescentus 
9. Proteus species 
. Achromobacter species 
. Aeromonas salmonicida 
. Alealigenes faecalis 
. Bordetella bronchiseptica 
. Myxococcus xanthus 
. Neisseria gonorrhoeae 
. Pastuerelia hemolytica 
. Pastuerella multocida 
. Yersinia species (excludes Y pestis. since 
it is a Class 3 agent) 
19. Xanthomonas species 


In addition, recombinant DNA experi- 
ments between H_ influenzae and H. parain- 
fluenzae are exempt on the basis of exten- 
sive DNA homology. 
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APPENDIX E 


DEPARTMENT OF HEALTH, 
EDUCATION, AND WELFARE, 
Pusiic HEALTH SERVICE, 
NATIONAL INSTITUTES OF HEALTH, 
Bethesda, Md. March 16, 1978. 
Dr. Donan S. FREDRICKSON, 
Director, National Institutes of Health, 9000 
Rockville Pike, Bethesda, Md. 

Dear Dr. FREDRICKSON: On January 26-28, 
1978, a joint US-EMBO Workshop to 
Assess Risks for Recombinant DNA Experi- 
ments Involving the Genomes of Animal, 
Plant, and Insect Viruses was held in Ascot, 
England. The workshop was sponsored by 
the NIH at your request, in response to dis- 
cussions concerning viruses at the Director’s 
Advisory Committee meeting of December 
1977. The workshop was attended by 27 sci- 
entists from the United States, the United 


Sweden, 

were invited because of their scientific ex- 
pertise and not as representatives of any 
government or of any policymaking group. 

The primary purpose of the meeting was 
to conduct a scientific and technical analy- 
sis of possible risks associated with cloning 
eukaryotic viral DNA segments in E. coli K- 
12 host-vector systems and with the use of 
eukaryotic viruses as cloning vectors in 
animal, plant, and insect systems. In addi- 
tion, there were general discussions of the 
possible importance of recombinant DNA 
technology for the solution of problems in 
basic and applied virology and of the classi- 
fication of viruses with respect to the 
hazard that laboratory research with them 
might pose to the laboratory worker or to 
the community. 

A report of the discussions and conclu- 
sions of the workshop is transmitted to you 
along with this letter. A draft of this report 
was sent to the members for comment and 
revision, and this final version is based on 
the replies of all the participants. In view of 
the favorable responses, we feel that this 
report will receive the support of virologists 
in general. We hope that it will be useful to 
you and the various national committees 
that are considering containment levels for 
this type of recombinant DNA research. 

Since this is the report of an international 
group, we generally avoided reference to 
any particular set of containment condi- 
tions. Rather, we anticipate that the various 
national committees will use this report as 
the scientific basis for setting the contain- 
ment conditions they feel appropriate. 

Sincerely, 


MAtcoutm A. MARTIN, 
Laboratory of Biology 
' of Viruses, NIAID. 
WALLACE P. Rowe, 
Laboratory of Viral Diseases, 
NIAID. 
JOHN TOOZE, 
Executive Secretary, European Molec- 
ular Biology Organization, Heidel- 
berg 


Co-Chairmen. 


REPORT OF U.S.-EMBO WORKSHOP TO 
ASSESS RISKS FOR RECOMBINANT DNA 
EXPERIMENTS INVOLVING THE GENOMES 
OF ANIMAL, PLANT, AND INSECT VIRUSES 


This is the report of a joint US.- 
EMBO workshop held in Ascot, Eng- 
land, January 27-29, 1978, which was 
convened to discuss the possible risks 
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of recombinant DNA experiments in- 
volving the DNAs of animal, plant, 
and insect viruses. The 27 scientists in 
attendance (see attached roster) had 
expertise in clinical infectious disease; 
public health, medical and diagnostic 
virology; the biology of virus infection; 
biochemical virology; and plant, insect, 
and veterinary viruses. Five of the par- 
ticipants are actively engaged in re- 
combinant DNA experimentation. A 
consensus statement of the discussions 
in the areas of pathogenesis and epide- 
miology of viral diseases, potential 
benefits of recombinant DNA experi- 
ments involving eukaryotic viral DNA, 
viral hazard classifications, and clon- 
ing in prokaryotic and eukaryotic sys- 
tems is presented below. The group’s 
conclusions, with respect to possible 
risks of recombinant DNA _ experi- 
ments involving viruses are based on 
the best available scientific data de- 
rived from publications, knowledge of 
current activities in the field of viro- 
logy, and first-hand experience in the 
virology laboratory. 


Introduction 


Viral disease is a complex process 
that involves a series of critical steps; 
these include entry of the virus parti- 
cle into the host, infection of specific 
cells at the portal of entry, replication 
of the virus in the infected cells, and 
usually, the spread of the progeny 
virus particles within the infected host 
to other susceptible cells. Depending 
upon the nature of the particular viral 
agent, the deleterious effects for the 
host, if any, may result from cytolytic 
activity, cellular transformation, 
chronic cellular dysfunction, or the 
provocation of an injurious immunolo- 
gical response. Viruses contain 5 to 150 
or more genes and their coordinated 
functioning is required for viral 
growth and, consequently, for survival 
of the virus in nature. Even though we 
do not generally understand the pre- 
cise role of each viral gene product, it 
seems clear that viral infection and 
disease production requires proper 
functioning of most, if not all, viral 
genes and, in general, is not a conse- 
quence of any single viral gene prod- 
uct. In the case of oncogenic papova- 
viruses, transforming retro- viruses 
and possibly adenoviruses, individual 
viral genes are thought to be responsi- 
ble for the transforming properties of 
the virus. 

Recombinant DNA __ experiments 
have already yielded new information 
about the structure and control of ex- 
pression of genes in higher organisms 
that could not have been obtained by 
conventional techniques. DNA cloning 
provides unparalleled opportunities to 
explore the basic biology of animal 
and plant viruses. Virologists will be 
able to probe more deeply into the 
control of viral gene expression and 
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discover phenomena of general cell 
biological significance; techniques will 
be more readily available to elucidate 
the sequence of viral nucleic acids, to 
shed light on the role of viral gene 
products in pathogenicity, and eventu- 
ally, to understand the molecular biol- 
ogy of animal and plant viruses to the 
extent that some bacteriophages are 
now understood. It seems apparent 
that this new information will lead to 
a deeper understanding of viral dis- 
eases and to new ways of combating 
them. In the immediate future the 
ability to obtain useful amounts of 
pure viral genomes and subgenomic 
fragments that cannot be obtained by 
other means will provide scientists and 
physicians with invaluable and inex- 
pensive diagnostic protein and nucleic 
acid reagents. In the more distant 
future it should be possible to use 
gene cloning techniques to obtain 
large amounts of viral proteins; one 
practical benefit from such develop- 
ments might well be effective and safe 
vaccines for control of diseases caused 
by hepatitis viruses, herpesviruses and 
influenza viruses and many other vir- 
uses, both known and, as yet, un- 
known. 

In addition to being able to clone 
viral genes in bacteria we are now able 
to envisage using certain animal vir- 
uses as vectors for the propagation of 
foreign genes in animal cells; a similar 
system for exploiting a plant virus, 
cauliflower mosaic virus, to clone for- 
eign genes in plant cells may shortly 
become available. The chief impor- 
tance of animal and plant virus vectors 
is that they can be used to carry genes 
into cells in which they may be fully 
expressed as well as propagated. By 
using specifically designed viral vec- 
tors it may eventually prove possible 
to deliver a specific gene to specific 
target cells; such techniques have ob- 
vious medical, economic, and agricul- 
tural applications but their realization 
will depend upon a great deal of basic 
research. 


VIRAL CLASSIFICATION SYSTEMS AND 
RECOMBINANT DNA EXPERIMENTATION 


The group extensively discussed the 
current safety procedures for holding 
and handling in the laboratory certain 
animal viruses, in particular those 
likely to be used in cloning experi- 
ments in the foreseeable future, either 
as vectors or as the sources of the nu- 
cleic acids to be cloned. Inevitably the 
recommended safety measures for 
using animal (and plant) viruses in re- 
search vary from country to country. 
In the context of-recombinant DNA 
research, which involves a novel set of 
circumstances, none of the available 
classifications of viruses according to 
the risks they pose is entirely satisfac- 
tory. A list of animal viruses was 
therefore prepared and the viruses 
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were ranked according to their known 
hazard on the basis of: (a) The sever- 
ity of human disease that they can 
cause, particularly in persons exposed 
in the laboratory; (b) their potential 
for infecting laboratory workers; (c) 
the risk that a laboratory infection 
might result in spread to the commu- 
nity; and (d) the impact such spread 
might have on the community or envi- 
ronment (table 1). In this list four bac- 
teria and one rickettsial agent with 
different pathogenic potentials have 
also been included as a frame of refer- 
ence for the 22 viruses identified. Be- 
cause of time constraints, many 
animal viruses, particularly those of 
agricultural and veterinary impor- 
tance, were not included in the table. 
Although not comprehensive, the list 
contains most of those animal viruses 
that have been previously mentioned 
in the context of recombinant DNA 
experiments. 

This list can also serve the very 
useful function of a reference scale, fa- 
miliar to both microbiologists and cli- 
nicians, for expressing the degree of 
concern that a_ given conjectural 
hazard may engender, by comparison 
to a known biohazard. 


CLONING VIRAL DNA’S IN E. COLI K-12 


The cloning of viral DNA’s and 
CDNA’s in E. coli K-12 using EK1 and 
EK2 plasmid and lambda phage vec- 
tors was discussed in light of the con- 
clusions of the Falmouth meeting that 
E. coli K-12 is not pathogenic and 
does not efficiently colonize the verte- 
brate digestive tract (Gorbach, 1978). 
Not for want of trying, the partici- 
pants were unable to envisage a se- 
quence of events which could occur 
with significant probability that would 
allow E. coli carrying either whole 
DNA genomes of certain viruses or 
subgenomic fragments of virtually any 
virus to lead to disease. The question 
was also raised as to whether or not, in 
the extremely remote possibility that 
all of the biological and physical con- 
tainment barriers broke down, intesti- 
nal bacteria carrying cloned whole 
viral genomes might bypass the natu- 
ral barriers to infection by the virus 
particle. As summarized in the follow- 
ing section, the group concluded that 
the probability that K-12 organisms 
carrying viral DNA inserts could repre- 
sent a significant hazard to the com- 
munity was so small as to be of no 
practical consequence. 

Risk assessment analysis for cloning 
viral DNA in E. coli K-12.' The follow- 
ing is a summary of the workshop dis- 
cussions dealing with possible mecha- 
nisms of risk resulting from the clon- 
ing of genetic material of eukaryotic 
viruses (i.e., viruses of animals, plants, 


1This portion of the report was prepared 
subsequent to the U.S..EMBO workshop by 
Drs. Martin and Rowe. 


or lower eukaryotes) in E. coli vector 
systems. 

We started with the extremely un- 
likely “worst case” assumption that a 
recombinant molecule containing eu- 
karyotic viral genome sequences has in 
some way become established in wild 
type E. coli and has thereby become 
disseminated throughout the bowel 
flora of vertebrates. Given this hypo- 
thetical set of conditions, what conse- 
quences could be envisaged? For the 
purposes of analysis the discussions fo- 
cused on two issues. 

First: The mechanisms by which the 
viral nucleic acid might gain access to 
cells of the host; and 

Second: The nature of the inserted 
viral sequences. 

Access of the viral genome to cells of 
the vertebrate host might conceivably 
result from virus particles formed 
within the bacterium or from release 
of viral nucleic acid into the proximity 
of, or into, host cells; this could occur 
either in the intestine or at the site of 
extraintestinal E. coli infection. 

Production of infectious virus parti- 
cles by bacteria carrying the recombin- 


. ant DNA molecules was considered to 


be virtually impossible, regardless of 
the completeness of the viral genome 
or the nature of the eukaryotic virus 
from which it was derived. The basis 
for this high degree of assurance is in 
large part our great understanding of 
the molecular biology of virus replica- 
tion. The nature of regulation of gene 
expression in prokaryotes is clearly 
different from that in eukaryotes as 
particularly exemplified by the ab- 
sence in prokaryotes of RNA splicing 
mechanisms (Berget el al., 1977; Aloni 
et al., 1977; Lavi and Groner, 1977; 
Mellon and Duesberg, 1977; Chow et 
al., 1977; Klessig, 1977; Dunn and Has- 
sell, 1977), RNA capping (Moore, 1966; 
Stavis and August, 1970; Blattner and 
Dahlberg, 1972; Maizels, 1973; Wei and 
Moss, 1975; Furuichi et al., 1975a; 
Keith and Fraenkel-Conrat, 1975; 
Abraham et al., 1975; Furuichi et al., 
1975b; Dubin and Taylor, 1975; Perry 
and Scherrer, 1975; Moss and Koczot, 
1976) and differences in messenger 
RNA biogenesis, polyadenylation 
(Kates and Beeson, 1970; Darnell et 
al., 1971; Mendecki et al., 1972; Philip- 
son et al., 1971; Weinberg et al., 1972; 
Ehrenfeld and Summers, 1972; Prid- 
gen and Kingsbury, 1972), and riboso- 
mal binding sites (Shine and Dalgarno, 
1974; Steitz and Jakes, 1975; Hagen- 
buchle et al., 1978). The expression of 
animal viral MRNA in E. coli transla- 
tion systems is not accurate; in one 
well studied system, poliovirus, inter- 
nal initiation signals are read which 
result in premature chain termination 
(Rekosh et al., 1970). Thus neither the 
synthesis of proper mRNA nor its 
translation into viral protein is likely 
to occur in E. coli. 
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Virus replication requires the regu- 
lated and coordinated function of mul- 
tiple enzyme systems derived from 
both the host and the viral genomes; it 
seems most unlikely that any prokar- 
yote contains the complement of en- 
zymes required for the synthesis of an 
infectious animal virus. Animal viruses 
have evolved to be adapted to replica- 
tion in eukaryotic cells; except for the 
instances where they have coevolved 
to replicate in insect vectors, animal 
and plant viruses show a high degree 
of specificity for cells of a particular 
class or species of host cell or even a 
particular differentiated cell type. 
Further, there is no verified example 
of the replication of a virus of eukar- 
yotes in bacteria, or conversely, the 
replication of a bacterial virus in any 
eukaryote. Consequently, since it was 
not considered possible for recombin- 
ant DNA containing a viral chromo- 
some to produce intact virus particles 
in E. coli, the group felt secure in fo- 
cusing on models involving host cell 
exposure to viral nucleic acid rather 
thar. virai particles. 

In a model in which recombinant 
DNA-containing organisms are con- 
fined to the lumen of the intestine, 
the possibility of viral RNA or DNA 
gaining access to mucosal cells is ex- 
tremely remote. First: The large 
amounts of nucleases in the intestinal 
contents wouid rapidly destroy the re- 
combinant molecules ‘<‘Maturin and 
Curtiss, :977>. Second: The efficiency 
of infection of celis by viral nucleic 
acid moiecuies, even in the presence of 
chemica: potentiators, is extremely 
low, botk in vitre and in vivo ‘Ellem 
and Colter, :96:; Amstey and Park- 
man, 1966; McCutchan and Pagano, 
1968; Graham and van der Eb, 1973; 
Israel et a:., i978a>. Third: Since 
anima: experiments indicate that po- 
lyoma virai IXONA cannot initiate infec- 
tion when administered by the oral or 
nasa: routes (Israel et al., 1978a), it is 
likely that nucleic acids cannot infect 
across mucous membranes. 

Consequently, the only model. to 
which serious attention must be di- 
rected is one in which the hypotheti- 
cal bacterium carrying the viral re- 
combinant DNA gains access to the 
body tissues. Two cases can be consid- 
ered. With minor transgressions of the 
intestinal mucosa that allow brief pen- 
etration of organisms into the intesti- 
nal wall, lymphatics, or the protal cir- 
culation, the bacteria would be ingest- 
ed by phagocytes. In phagocytes, bac- 
teria are lysed and their nucleic acid is 
released in the nuclease-rich lyso- 
somes; the effectiveness of the lysoso- 
mal enzymes virtuall guarantees that 
no nucleic acid could survive to cause 
infection (Bensch et al., 1964; Carrara 
and Bernardi [1968]; Arsenis et al., 
1970). 
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The second case, extraintestinal in- 
fection such as urinary tract or surgi- 
cal wound infection, deserves serious 
consideration, but it must be pointed 
our that this would occur in only a 
fraction of individuals. In this context 
the consequences of the infection 
would be a function of the nature of 
the viral DNA inserted in the recom- 
binant DNA molecule. We considered 
the following classes of DNA inserts: 
(1) Subgenomic segments of nononco- 
genic viruses; (2) transforming seg- 
ments of oncogenic viruses; (3) cDNA 
prepared from the genome of segment- 
ed RNA viruses; (4) CDNA copies con- 
taining the complete viral genome of 
nonsegmented RNA viruses and (5) 
complete DNA viral genomes. The 
workshop participants reached the 
conclusion that viral inserts should be 
thought in terms of three classes of 
risk: Those for which there was no 
risk of a harmful outcome, and those 
for which a possibility of harm, how- 
ever remote, could be envisioned. The 
latter were then divided into those sce- 
narios which may well in reality be im- 
possible, and those which are felt to be 
possible. 

Those inserts for which the group 
could not construct any realistic harm- 
ful scenario were: (1) Subgenomic seg- 
ments of nontransforming RNA or 
DNA viruses; (2) CDNA copies from 
RNA viruses with segmented viral gen- 
omes and (3) cDNA’s of the complete 
genome of negative strand RNA vir- 
uses. 

(1) Subgenomic segments (meaning 
small portions of the viral genome 
lacking genes needed for replication of 
the virus) of nontransforming viruses 
are considered to be harmless because 
of the absence of any known example 
of an individual viral encoded protein 
which can act exogenously on cells. 
With the exception of some glycopro- 
teins when added to cell cultures in 
high concentrations (Scheid and 


Choppin, 1974; McSharry and Chop-~- 


pin, 1978), viral proteins do not induce 
cell damage from without. 

(2) Reverse transcripts of RNA vir- 
uses with segmented genomes cannot 
be envisaged as carrying any risk of 
producing infectious virus even when 
the cDNA is made from unfractionat- 
ed nucleic acid preparations. It would 
be virtually impossible to ligate to- 
gether a complete DNA copy, and if 
this ever did occur, we cannot envisage 
any way that the proper length RNA 
genome segments could be transcribed 
therefrom. 

(3) Cloning of reverse transcripts of 
negative strand RNA viruses is viewed 
as being free of risk. With these vir- 
uses, the process of viral mRNA and 
genomic RNA synthesis is complex, 
and the Workshop participants could 
not envisage a set of circumstances in 
which RNA _ segments, transcribed 
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from a DNA template, could eventuate 
in the synthesis of progeny virus. This 
is based on the fact that the nucleic 
acid of negative strand RNA viruses 
(either the plus or minus strand) has 
never been shown to be infectious for 
cells (Kingsbury, 1966; Baltimore et 
al., 1970; Wagner, 1975) presumably 
because of their unique molecular biol- 
ogy. Infection by negative strand vir- 
uses requires the activity of the virion 
associated transcriptase (Baltimore et 
al., 1970; Cormack et al., 1971; Szilagyi 
and Pringle, 1972); this enzyme cata- 
lyzes the synthesis of multiple (seg- 
mented) functional plus strand mRNA 
molecules from the input minus 
strand (Bratt and Robinson, 1967; 
Huang et al., 1970; Mudd and Sum- 
mers, 1970; East and Kingsbury, 1971; 
Weiss and Bratt, 1976; Freeman et al., 
1977). A polypeptide specified by one 
of these mRNAs then modifies the 
virion transcriptase to function as a 
replicase mediating the synthesis of a 
complete unsegmented plus strand of 
RNA, the template for synthesis of 
progeny minus stand RNA molecules. 
The minus strand has no messenger 
function (Huang et al., 1970; Grubman 
and Summers, 1973; Kingsbury, 1973; 
Morrison et al., 1974). Thus, to initiate 
the infectious process both a full 
length RNA transcript (to serve as 
template) and the segmented plus 
strand transcripts, capped for function 
as mRNA, would be required. This 
would necessitate either the transcrip- 
tion of both DNA strands by cellular 
RNA polymerase or the synthesis of a 
full length transcript as well as prop- 
erly terminated, segmented transcripts 
from the minus strand DNA. These 
are obviously extremely unlikely 
events. 

There were two classes in which it 
was considered that a risk scenario 
might be constructed but which might 
indeed be impossible; these involve the 
cloning of the transforming segments 
of DNA viruses or of transforming re- 
troviruses, and the cloning of complete 
reverse transcripts of plus-strand RNA 
viruses. The model involving subgeno- 
mic, transforming segments postulates 
release of recombinant DNA molecules 
by lysis of E. coli in the tissues, and in- 
tegration of the transforming gene 
segment into the DNA of host cells. 
While this eventuality cannot be ruled 
out, it was considered to have a very 
low probability in view of the ineffi- 
ciency of transforming cells with viral 
nucleic acid (Aaronson and Martin, 
1970; Graham et al., 1974; Abrahams 
et al., 1975) and the fact that integra- 
tion of transforming DNA would occur 
in only a few cells in any one individu- 
al and, in the presence of competent 
immuno- surveillance, would be most 
unlikely to result in a tumor (Habel, 
1961; Sjogren, 1964; Sjogren et al., 
1967; Costa et al., 1977). Transplanta- 
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tion studies with primary tumors and 
transformed tissue culture cells indi- 
cate that large numbers of cells are re- 
quired to initiate tumor growth; in 
general, only after adaptation effected 
by long passage in animals do small 
numbers of cells produce tumors (Sjo- 
gren, 1964; Klein, 1975). In this regard, 
it should be noted that there is over- 
whelming evidence that humans are 
highly effective in averting tumorigen- 
esis by DNA viruses. Man, and many 
other vertebrates as well, are infected 
repeatedly with DNA viruses (e.g., pa- 
povaviruses and adenoviruses) that 
contain the transforming regions dis- 
cussed above (Huebner et al., 1954; 
Hilleman, 1957; Shah et al., 1973; Pad- 
gett and Walker, 1973; Brown et al., 
1975; Shah and Nathanson, 1976). 
Some of these viruses are even known 
to induce tumors in laboratory ro- 
dents, yet, despite intensive search, 
none of these has been reproducibly 
associated with the etiology of any 
malignancy in humans (Mackey et al., 
1976; Fiori and DiMayorca, 1976; Wold 
et al., 1978; Israel et al., 1978b). 

The risk scenario whereby a cDNA 
transcript of a positive strand RNA 
virus leads to infection of the host was 
considered to have a finite but low 
probability. In this model, extraintes- 
tinal infection by the bacterium carry- 
ing the recombinant DNA results in 
the recombinant DNA molecule, or 
plus strand RNA transcripts thereof, 
entering into host cells with resultant 
productive viral infection. Neither car- 
ries a risk if the cDNA insert is not a 
complete copy of the RNA genome. 
Unless a deliberate attempt is made to 
select full-length cDNA molecules for 
ligation to prokaryotic DNA vectors, 
the vast majority of recombinant DNA 
molecules will contain only a segment 
of viral specific DNA and, as a conse- 
quence, the likelihood of cloning the 
whole genome will be low. 

The major block to synthesis of in- 
fectious RNA from the recombinant 
DNA molecule either in the prokaryo- 
tic or eukaryotic cell would be the in- 
accurate initiation of transcription. 
There is no reason to believe that the 
5’ terminus of the viral genome would 
generate a binding site for either pro- 
karyotic or eukaryotic RNA polymer- 
ases following reverse transcription 
into DNA. Rather, RNA synthesis 
would be initiated either: 

(1) Internally, by a random initi- 
ation process which would yield nonin- 
fectious molecules; 

(2) Upstream, either at a prokaryotic 
promoter or at a random initiation 
site, in the eukaryotic cell which 
would generate a leader sequence lack- 
ing the appropriate recognition signals 
for binding to eukaryotic ribosomes 
(Shine and Dalgarno, 1974; Steitz and 
Jakes, 1975; Hagenbuchle et al., 1978). 
To produce infectious RNA from such 
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a primary transcript, a site-specific 
cleavage would have to occur; 

(3) At the 5’ terminus by random ini- 
tiation, but this undoubtedly would be 
an extremely rare event. 


Any full-length plus strand transcripts 
synthesized in E. coli would have to 
escape degradation by extracellular ri- 
bonucleases following their release 
from bacteria and then initiate an in- 
fection in a sensitive cell, which, under 
the best conditions in the laboratory, 
is an extremely inefficient process 
(Ellem and Colter, 1961). 

Further studies of this type of viral 
DNA insert would clearly be desirable. 

The cloning of the complete genome 
of DNA viruses (including proviral 
forms of retroviruses) provides a sce- 
nario felt to carry a finite probability 
of risk, but this too is considered ex- 
tremely low. Since viral DNA mole- 
cules are generally infectious, any situ- 
ation in which the complete viral 
genome, without deletion or substitu- 
tion, is excised from the recombinant 
molecule could conceivably lead to in- 
fection. In particular, circular DNA 
genomes, cleaved with a single cut re- 
striction enzyme and ligated to a pro- 
karyotic vector, provide such a condi- 
tion; however, for accurate excision 
one must postulate the unlikely even- 
tuality of the recombinant molecule 
being brought in contact with the 
same restriction enzyme used during 
the insertion of the DNA segment into 
the vector. Complete viral genomes 
could also be generated from a recom- 
binant molecule in the case of oli- 
gomers of viral DNA inserts; a com- 
plete copy of the viral DNA could then 
be generated by intramolecular recom- 
bination. Full length linear DNA mole- 
cules inserted into a vector by oligo 
dA-oligo dT tailing or by addition of 
other linker molecules would be un- 
likely to excise accurately terminating 
genomes. 

Given that it is conceptually possible 
to generate infectious molecules from 
recombinant DNA containing the com- 
plete genome of DNA viruses, it is im- 
portant to assess the factors that 
would result in such infectious DNA 
causing disease. The probability that 
the excised molecules would infect 
host cells is of course relatively low in 
view of the inefficiency of infection by 
naked DNA (Ito, 1960; Burnett and 
Harrington, 1968; McCutchan and 
Pagano, 1968; Mayne et al. 1971; 
Graham and van der Eb, 1973; Sol and 
van der Noordaa, 1977). Another im- 
portant factor in such a scenario is the 
susceptibility of neighboring cells to 
the virions produced by a cell infected 
with the infectious DNA. If the sur- 
rounding cells were not sensitive to 
the virus itself, the initially infected 
cell, producing virions, could not 
spread this infection to other cells or 
tissues; in the absence of virus spread 


there would be no risk other than the 
possible transformation of a small 
number of cells, in the case of onco- 
genic viruses, as discussed above. Only 
if the host was sensitive to the virus 
would spread occur; this would not be 
different from infection with the virus 
itself and would not generally repre- 
sent a unique biohazard. Futher study 
of this type of viral DNA insert would 
be extremely useful. 

Recapitulation. It should be noted 
that- these model scenarios were not 
constructed from an anthropocentric 
viewpoint, but apply generally to any 
model in which vertebrates are colo- 
nized by the E. coli carrying the re- 
combinant molecule. 

To recapitulate, even assuming a 
worst case situation, this analysis 
leads us to conclude that cloning the 
subgenomic segments of nononcogenic 
viruses, the complete genome of nega- 
tive strand RNA viruses, and any part 
of the genome of segmented viruses 
carries no risk of generating a bioha- 
zard. Second: It is possible to construct 
conceivable but extremely unlikely 
sets of circumstances resulting in a 
biohazard from the cloning of the 
transforming segment of oncogenic 
viruses. And, third: It is possible to en- 
visage feasible biohazard scenarios 
from cloning of the complete genome 
of DNA viruses or the entire genome 
of plus strand RNA viruses but even 
these carry little possibility of risk. 
When this analysis is combined with 
the immense unlikelihood of generat- 
ing this worst case scenario in the first 
place, given good laboratory practice 
and the safety inherent in use of ap- 
proved E. coli K-12 host-vector sys- 
tems (Gorbach, 1978), the group felt 
strongly justified in concluding from 
available scientific information that 
viral genomes or fragments thereof, 
cloned in E. coli K-12 using approved 
plasmid or phage vectors pose no more 
risk than work with the infectious 
virus or its nucleic acid and in most, if 
not all cases, clearly present less risk. 
In fact, the Workshop participants 
agreed that cloning of viral DNA in E. 
coli K-12 may provide a unique oppor- 
tunity to study with greatly reduced 
risks the biology of extremely patho- 
genic and virulent viruses. 

The group also agreed that the clon- 
ing of cDNA copies of viroids in E. coli 
K-12 should be postponed until more 
information is available about their 
molecular and cellular biology. 

Recommendation. Based on these 
considerations the participants of the 
U.S.-EMBO Workshop concluded that 
the use of P2 (NIH guidelines) or CI 
(Williams report) containment meas- 
ures, in conjunction with an EK] host- 
vector system should provide adequate 
containment for cloning any viral 
genome or fragment thereof and rec- 
ommended this as the minimum con- 
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tainment levels for recombinant DNA 
experiments involving eukaryotic viral 
DNA inserts. However, if the virus 
itself must be handled at higher levels 
of physical containment it seems pru- 
dent at the present time to use the 
more stringent containment condi- 
tions. It was emphasized that contain- 
ment practices must include adequate 
training and the use of high quality 
microbiological technique. 


EXPERIMENTS WITH EUKARYOTIC HOST- 
VECTORS 


1. Vertebrate host-vector systems in 
which viral DNA vectors are used to 
propagate other DNA segments. 

The workshop participants endorsed 
the portion of the NIH guidelines that 
describes the features required for an 
animal virus to be used as a cloning 
vector (i.e., the first portion of section 
III.B.3.a. of the draft version, revised 
NIH guidelines for recombinant DNA 
research). The following is our recom- 
mended version of this section: 


Because this work will be done almost ex- 
clusively in tissue culture cells, which have 
no capacity for propagation outside the lab- 
oratory, the primary focus for containment 
is the vector; it should be pointed out that 
the risk of laboratory acquired infection as 
a consequence of tissue culture manipula- 
tions is very low. Given good microbiological 
practices, the most likely mode of escape of 
recombinant DNAs from a physically con- 
tained laboratory is carriage by an infected 
human; thus the vector with an inserted 
DNA segment should have little or no abili- 
ty to replicate or spread in humans. Fur- 
ther, a recombinant virus should not inad- 
vertently pose a threat to any species. 

For use as a vector in a vertebrate host 
cell system, an animal viral DNA molecule 


” 


Viral Vector DNA 





polyoma virus -— all or part 


SV40 — unconditionally 


defective by deletion of 
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ideally should display the following proper- 
ties: 

(a) It should not consist of the whole 
genome of any agent that is infectious for 
humans or that replicates to a significant 
extent in human cells in tissue culture. 

(b) It should be derived from a virus 
whose epidemiological behavior and biologi- 
cal properties are well understood. 

(c) Its functional anatomy should be 
known—that is, there should be a clear idea 
of the location within the molecule of: 

(i) The sites at which DNA synthesis origi- 
nates and terminates; 

(ii) The sites that are cleaved by restric- 
tion endonucleases; 

(iii) The template regions for the major 
gene products. 

(d) It should be defective when carrying 
an inserted DNA segment; that is, propaga- 
tion of the recombinant DNA as a virus 
must be dependent upon the presence of a 
complementing helper genome. In almost 
all cases this condition would be achieved 
automatically by the manipulations used to 
construct and propagate the recombinants. 
In addition, the amount of DNA encapsidat- 
ed in the particles of most animal viruses is 
defined within fairly close limits. The inser- 
tion of sizeable foreign DNA sequences, 
therefore, generally demands a compensa- 
tory deletion of viral sequences. It may be 
possible to introduce very short insertions 
(50-100 base pairs) without rendering the 
viral vector defective. In such a situation, 
the requirement that the viral vector be de- 
fective is not necessary. 

If possible the helper virus genome 
should: 

(i) Be integrated into the genome of a 
stable line of host cells (a situation that 
would effectively limit the growth of the 
vector recombinant to such cell lines); or 

(ii) Consist of a defective genome, or an 
appropriate conditional lethal mutant virus, 
making vector and helper dependent upon 
each other for propagation. 

However, neither of these stipulations is a 
requirement. 


TABLE 2 


Precaution 
Source 


prokaryotic 


Lor M 





all or part of the sequences 


of any of the genes 


adenoviruses 2 and 5 — 
incapacitated by deletion of 
at least two capsid genes 


murine adenovirus strain 


FL — all or part* 
Herpes simplex virus — 


incapacitated by a large 


deletion 
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The group discussed at length the 
possibility that use of eukaryotic vec- 
tors under these conditions could pose 
a threat to the community or environ- 
ment, but could not envisage a plausi- 
ble set of circumstances whereby a 
risk to the community could develop. 
Given the extent of the genetic dele- 
tion required to satisfy the conditions 
stated above and in table 2, and the 
constraints that encapsidation places 
on the size of an inserted gene seg- 
ment, the workshop participants saw 
no way that the experiments could 
generate a competent virus containing 
new genetic information sufficient to 
code for a functional gene product. 
The group tried to conceive of ways by 
which a recombinantional event be- 
tween the _ defective recombinant 
genome and the helper genome or the 
genome of an indigenous virus in an 
exposed laboratory worker might gen- 
erate nondefective viral recombinants, 
but as mentioned, was unable to iden- 
tify any. 

The possibility that a defective re- 
combinant genome might be main- 
tained in nature through complemen- 
tation by a helper virus was considered 
too unlikely to be a cause for concern, 
given the absence of any precedent in 
animal virology. The group considered 
the adeno-associated viruses, which 
are defective parvoviruses maintained 
in nature, to be a unique case in that 
they are known to integrate into host 
cells and to have at least 33 different 
potential helpers (human adenovir- 
uses) available. 


Having considered the use of the 
genomes of different DNA animal vir- 
uses to propagate DNA sequences 
from different sources, the group pro- 
posed the following recommendations: 


Level Depending on 
of Foreign DNA 


eukaryotic 


viral 





L Cke 


Cke 
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L corresponds to a containment level 

approximately equivalent to P2. 

M corresponds to a containment 
level approximately equivalent to P3. 

Prokaryotic sequences that are 
known not to contain toxigenic genes 
may be cloned in’ L conditions: other- 
wise M conditions should be used. 

+ Before this viral DNA can be used 
as a vector, further information is re- 
quired about its host-range, particular- 
ly its interactions with cultured pri- 
mate cells. 

CbC these experiments should be as- 
sessed by the appropriate committees 
on a “Case by Case” (CbC) basis. 

The group recommended that fur- 
ther work on the biological properties 
of recombinants formed between the 
genomes of two animal viruses should 
be carried out as a matter of some im- 
portance. The workshop participants 
discussed the possibility that new viral 
agents might be created with novel 
biological properties (e.g. host range, 
tissue tropism, pathogenicity) not 
found in either parent. Several model 
experiments were proposed to test this 
possibility. The group recommended 
that research in this area proceed cau- 
tiously with each case being consid- 
ered on its individual merits and even 
if the model experiments suggest little 
cause for concern, continued careful 
surveillance of new recombinants 
should be maintained. 


2. Vertebrate host-vector systems in 


which recombinant DNAs are used to 
transform cells. In these types of ex- 
periments viral DNAs carrying a for- 
eign DNA segment will be used to 
transform cells in culture and in the 
process, integrate the recombinant 
DNA into the host cell chromosome. 
Some transformation systems are non- 
permissive for progeny virus produc- 
tion and pose no possibility of produc- 
ing laboratory infections. Other trans- 
formation systems are semi-permissive 
and, in addition to the appearance of 
transformed cells, allow the produc- 
tion of low titers of infectious virus. 
When recombinant DNAs are used 
to transform cells which do not yield 
significant quantities of infectious 
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virus (e.g. SV40 in murine cells, po- 
lyoma virus in rat or hamster cells, 
adenovirus 2 and 5 in rat cells) L con- 
ditions are generally sufficient; for vir- 
uses which do not infect humans, 
there need be no requirement that the 
vector be disabled. M conditions 
should be used if the system is semi- 
permissive (i.e., virus is produced, in 
low titer) and the virus is capable of 
infecting humans (e.g. SV40 in human 
cell cultures). It was agreed that the 
DNA to be cloned must not be derived 
from another animal virus. 

The use of viral genes as selective 
markers offers exciting and important 
possibilities for experiments involving 
cloning in eukaryotic cells. Possibly 
the best of such markers would be the 
herpes simplex virus thymidine kinase 
gene. We recommend that special em- 
phasis be given to cloning in prokaryo- 
tic systems a small fragment (<5KB) 
of herpes viral DNA which contains 
the sequences of this gene. Once avail- 
able, the purified segment could be li- 
gated to any chosen piece of DNA and 
cells transformed by the recombinant 
could easily be selected by virtue of 
the presence of thymidine kinase. 

3. Baculoviruses as vectors. The 
group discussed the use of baculovir 
uses (large DNA-containing insect vir. 
uses) for cloning genes in invertebrate 
cells and concluded that our knowl- 
edge of the molecular and cellular bi- 
ology of these viruses is too limited to 
allow any general recommendations. 
Proposals to use these viruses should 
be considered case by case. The group 
also recommended, however, that be- 
cause of the potential exploitation of 
these viruses as biological pesticides 
(two have already been licensed for 
this purpose) and as vectors in recom- 
binant DNA experimentation, high 
priority should be given to studies of 
their basic virology, genetics, and mo- 
lecular biology. 

4. Cauliflower Mosaic Virus as a 
vector for cloning genes in plant cells. 
The only known plant viruses which 
could serve as vectors for cloning 
genes in plants and plant cell proto- 
plasts are Cauliflower Mosaic Virus 
(CaMV) and its close relatives, which 


have relaxed circular double stranded 
DNA genomes with a molecular weight 
of 5x10 & The genomes of these viruses 
are not known to integrate into host 
chromosomes, or to pick up cellular 
genes. CaMV is spread in nature by 
aphids, in which it survives for a few 
hours. Spontaneous mutants of CaMV 
that are not transmitted by aphids 
arise frequently; these mutants fail to 
make a transmission factor essential 
for aphid transmission. 

The viruses in the CaMV group have 
narrow host ranges and are relatively 
difficult to transmit mechanically to 
plants. For this reason, they are most 
unlikely to be accidentally transmitted 
from spillage of purified preparations 
of the virus. 

The workshop participants recom 
mended that for use as a vector with 
intact plants, a strain should be select 
ed which is not transmitted by aphids 
The ability to produce local lesions in 
an appropriate host would be an ad- 
vantage in maintaining the integrity 
of the strain. The plants should -be 
grown in either a greenhouse or plant 
growth cabinet which is insect-proof 
Soil, plant pots and unwanted infected 
plant materials should be removed 
from the greenhouse or cabinet in 
sealed insect proof containers and 
sterilized. It is not necessary to steril- 
ize run-off water from the infected 
plants as this is not a plausible route 
for secondary infections. Infected 
plant materials to be used for further 
research, which have to be removed 
from the greenhouse or cabinet, 
should be maintained under insect 
proof conditions. These measures pro- 
vide an entirely adequate degree of 
containment and are similar to those 
required in many countries for li- 
censed handling of ‘‘exotic” plant vir- 
uses. 

CaMV or its DNA may also be useful 
as a vector to introduce genes into 
plant protoplasts. The fragility of 
plant protoplasts combined with the 
properties of CaMV mentioned above 
provides adequate safety. Since the 
group envisaged no risks to the envi 
ronment from use of the CaMV proto- 
plast system, no special containment 
was recommended. 
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Appendix E 


TABLE 1 


Illness in Laboratory Workers anc of Spread of Viruses to the Environment 





Genome 


Severity of 
Disease in 
Adult Humans 


Risk of 
Labcratory 
Infection 


Transmission 
into 
Community or 
Environment 





Lassa Fever Virus 


RWA - Negative strand, 
segmented 


t-u 





Vuriola Virus 


ONA - Linear, Jouble 
stranded 


H (If not 
vaccinated) 





*VYerisnia pestis 
TPfague vacterium) 





Vellow Fever Virus (Wild type) 


RNA - Positive strand 


H (If not 
vaccinated) 








Wepititis 8 Virus 


Oia - Circular, pertially 
single stranded 





*Vib-fo ccama (Cholera bactertum) 





Intiuenza Virus (Novel epidemic strain) 


RNA - Negative strand, 
segnented 





tvs tcia-Barr Virus 


ON4 - Linear, double 
stranded 





Palto virus (wild) 


RMA - Positive strand 





Coateckie Virus<s 


KhA - Positive strand 





Werpes simplex virus 


ONA - Linear, double 
Stranded 





*Shigella sonnet 





Vesicular stomatitis virus 


RNA - Negative strand 


t for humans; H for 
certain animals, 





Adcnovirus 2 or § 


GHA - Linear, double 
Stranded 





&ceno-SV40 Hybrid Virdses 
(honda fective) 


ONA - Linear, double 
stranded 





Vaccinia virus 


ONA - Linear, double 
stranded 





hucan Papilloma virus 


ONA - Circular, double 
ttranded 





latlucnza Virus (PR8) 


KA - Negative strand, 
segmented 








Sdeno-2ssuctated virus 


Cid - Linear, single 
stranded 





BK Virus 


ONA - Circular, double 
stranded 





Simian Virus 40 (Sv4G) 


ONA - Circular, double 
stranded 


0 to u(?) 





Sindbis virus (Lab. adapted) 


RNA - Negative strand** 


Dependent on presence of vector (0-t) 





Sewlikt Forest Virus 


RNA - Negative strand*s 


Dependent on presence of vector (0-L) 





Reovirsses 


RNA - Double stranded, 
segmented 





Rous sarcoma virus 


RNA (Retrovirus) 





burine leusemia sarcoma viruses 


RNA . 





Feline leukemia siruses 


RIA , 





Poltycna virus 


OMA - Circular, double 
stranded 





* Non-viral agents. 
** Ed. note: 


This should read "RNA-Positive strand." 


H = High probability; L * Low probability. 
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APPENDIX F.—REPORT OF THE VIRUS 
WORKING GROUP SPONSORED BY THE 
RECOMBINANT DNA ADVISORY COM- 
MITTEE 


On April 6-7,.1978, a working group 
of American virologists met in a public 
meeting at the National Institutes of 
Health to: (1) Review the report of the 
U.S.-EMBO workshop to assess risks 
for recombinant DNA expriments in- 
volving the genomes of animal, plant, 
and insect vectors and (2) Translate 
the conclusions of the U.S.-EMBO 
report into recommended physical and 
bilogical containment levels for consid- 
eration by the RAC for incorporation 
into the revised NIH guidelines for re- 
combinant DNA research. The 19 sci- 
entists in attendance (see attached 
roster) had expertise in clinical infec- 
tious disease; epidemiology of viral dis- 
ease; medical and diagnostic virology; 
the biology of virus infection; bio- 
chemical virology; viral immunology; 
and plant, insect, and veterinary vir- 
uses. Six of the participants (Drs. 
Ginsberg, Choppin, Martin, Rowe, 
Summers, and Wagner) had attended 
the U.S.-EMBO workshop. ; 
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REVIEW OF THE U.S.-EMBO WORKSHOP 
REPORT 


The working group discussed the 
U.S.-EMBO workshop report section 
by section and recommended the fol- 
lowing amendments: 

(1) Page 10, line 17—delete ‘then 
modifies” and insert “is thought to 
modify.” 

(2) Page 16, lines 6-8—The working 
group did not understand the scientif- 
ic basis behind this short paragraph 
which singled out viroids from other 
RNA plant viruses and which would 
postpone work in this area. Deletion of 
these three lines was recommended 
following a discussion about the poten- 
tial risks attending the cloning of 
cDNA copies of viroids in E. coli K12. 

(3) Table 1. 

(a) Yellow fever virus—Add “L (if 
vaccinated)” under Risk of Laboratory 
Infection and change ‘“‘(H)” to “(L-H)” 
under Community or Environmental 
Impact. 

(b) Epstein-Barr Virus—Change 
“24+” to “0-2+” under Severity of 
Human Disease. 

After reviewing the U.S.-EMBO 
report the working group unanimously 
endorsed: (1) The classification of vir- 
uses with respect to their ability to 
cause disease in laboratory workers 
and their impact on the environment; 
(2) The analysis and recommendations 
for cloning viral DNA’s in E. coli K12; 
and (3) The analysis and recommenda- 
tions for the use of viral DNA’s as vec- 
tors in eukaryotic cells. 


IMPLEMENTATION OF THE U.S.-EMBO 
REPORT 


A. Cloning Eukaryotic Viral DNA in 
E. coli K12 Host-Vector Systems. 

After considerable discussion, the 
working group recommended physical 
and biological containment conditions 
for experiments involving the cloning 
of viral DNA in E. coli K12 as shown 
in table 1. The group classified the 
viral DNA for such experiments in 
three categories: (1) Virion DNA of 
DNA viruses; (2) CDNA copies of virion 
RNA of RNA viruses; and (3) Intracel- 
lular forms of viral DNA including in- 
tegrated genomes, and DNA from pro- 
ductively infected cells. The viral DNA 
to be cloned was then subclassified 
into whether it represented the entire 
viral genome or a purified subgenomic 
segment thereof. Subgenomic  seg- 
ments were further subdivided on the 
basis of whether they contained intact 
transforming genes or not (see table 
1). In addition, the working group also 
assigned physical and biological con- 
tainment levels for cDNA copies of cel- 
lular mRNA’s for each class of viral 
DNA insert (see table 1). 

1. In its deliberations, the working 
group was impressed with the safe- 
guards afforded by a ban on mouth-pi- 
petting for recombinant DNA experi- 


NOTICES 


ments involving E. coli K12 host-vec- 
tors: The group felt that the only 
plausible way E. coli K12 could gain 
entry into laboratory workers was by 
oral ingestion. The analysis contained 
in the U.S.-EMBO report was predi- 
cated on the remote possibility that E. 
coli K12, containing eukaryotic viral 
DNA, would be swallowed and the 
viral DNA insert would be delivered to 
a tissue in the body which ordinarily 
would be inaccessible to the virus. A 
prohibition of mouth pipetting would 
clearly prevent this sequence of events 
from even beginning. The working 
group therefore recommended that no 
mouth pipetting be allowed at any 
level of physical containment (includ- 
ing P1) when working with E. coli 
K12. 

2. The group was struck by the in- 
herent safety afforded by nonmobili- 
zable plasmids and felt they represent- 
ed an additional level of containment 
when used with E. coli K12. Accord- 
ingly, the working group recommend- 
ed the use of E. coli K12 in conjunc- 
tion with non-mobilizable plasmid vec- 
tors (referred to in table 1 as EKI1NM) 
for several categories of experiments. 

3. The virus working group exten- 
sively discussed the use of class III 
(CDC) and “moderately oncogenic’ 
(NCI) viral DNA’s in E. coli K12 host 
vector systems. The group concluded 
that vesicular stomatitis virus (VSV), 
which is a widely studied negative- 
strand RNA virus, is classified as a 
class III agent because of its ability to 
produce disease in animals; VSV is not 
an important human pathogen (see 
table 1 of U.S.-EMBO report). The 
working group agreed that VSV pos- 
sessed all of the safety features of 
other negative-strand RNA viruses 
(see U.S.-EMBO report) and strongly 
recommended that cloning of VSV 
cDNA be permitted because of its im- 
portance as a model virus in studies of 
the molecular biology of virus infec- 
tion. The working group also consid- 
ered the 9 viruses classified as moder- 
ately oncogenic by NCI (Appendix B) 
and concluded that the only potential 
biohazard associated with their use in- 
volved the propagation of the viruses 
themselves during the preparation of 
reagents/substrates for use in recom- 
binant DNA experiments. None of 
these agents produces human disease 
or has been associated with human 
malignancy. The virus working group 
endorsed the inclusion of these agents 
as sources of eukaryotic viral DNA for 
cloning in E. coli K12 and recommend- 
ed that NCI guidelines be followed for 
work involving the viruses themselves. 

B. Viral DNA Vectors in Eukaryotic 
Cells. 

The working group discussed the 
physical containment levels appropri- 
ate for different eukaryotic viral DNA 
vectors and prepared a list of four 


animal viruses and two plant viruses as 
candidate vectors. In each case the 
group made recommendations regard- 
ing physical containment conditions 
for productive or non-productive virus- 
cell interactions. The virus working 
group, like the participants of the 
U.S.-EMBO workshop, were concerned 
about alterations in host range and 
tissue tropism that might occur fol- 
lowing the insertion of foreign viral 
DNA sequences into eukaryotic viral 
DNA vectors and were unable to speci- 
fy containment levels for this type of 
DNA recombinant. The group agreed 
that experiments of this type could 
yield useful information about viral 
pathogenesis and recommended that 
each be evaluated by the recombinant 
DNA Molecule Program Advisory 
Commitee on a “case-by-case” (CBC) 
basis. The working group also recog- 
nized its inability to identify all possi- 
ble viral vectors and therefore includ- 
ed a category which encompassed 
other potential viral DNA. vectors 
whose use could also be evaluated on a 
“case-by-case”’ basis. 

The virus working group regarded 
the use of DNA vectors prepared from 
CaMV and BGMV as posing virtually 
no biohazard to plants or the ecosys- 
tem and recommended a minimum of 
physical containment. The group ex- 
tensively discussed the use of baculo- 
virus DNA as vectors, and, despite 
their certification as registered pesti- 
cides, considered the available infor- 
mation about their host range, persis- 
tence, and basic biology to be too rudi- 
mentary at the present time. A ‘‘case- 
by-case” evaluation was therefore rec- 
ommended. 

The virus working group unanimous- 
ly endorsed the elimination of the re- 
quirement pertaining to the functional 
anatomy of viral DNA vectors (page 
49602, third column, (iii)) since these 
features are related in no way to the 
inherent safety of a potential vector. 
These criteria for candidate vectors 
were retained in the final recommen- 
dations, however, as desirable, al- 
though not required features. 

It should be noted that the recom- 
mendations of the virus working group 
impact on two other sections of the 
Revised Guidelines for Recombinant 
DNA Research. ‘ 

(1) Section III B 1la(1)(g) can be 
eliminated because it is now covered in 
section III B:1b(1). 

(2) Section ITI A should be amended 
to read “pathogenic organisms in 
classes 3, 4, and 5 except vesicular sto- 
matitis virus;” the prohibition of mod- 
erate risk oncogenic viruses should be 
deleted. 

The recommendations made by the 
virus working group were based on the 
best and most current available scien- 
tific considerations. The containment 
levels proposed for cloning eukaryotic 
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viral DNA inserts in prokaryotic sys- 
tems pertain only to E. coli K12 and 
its derivatives. The working group 
agreed with the participants of the 
U.S.-EMBO Workshop that eukaryo- 
tic viral genomes cloned in E. coli K12 
posed less risk in nearly all cases than 
work with the infectious virus itself. 


Recombinant DNA Molecule Program Advi- 
sory Committee Working Group on 
Report of the U.S.-EMBO Workshop to 
Assess Risks for Recombinant DNA Ex- 
periments Involving the Genomes of 
Animal, Plant and Insect Viruses, Nation- 
al Institutes of Health, Conference Room 
9, Building 31C, Bethesda, Md. 20014, 
April 6-7, 1978, 9 a.m 


Ginsberg, Dr. Harold S. (Chairman), De- 
partment of Microbiology, Columbia Col- 
lege of Physicians and Surgeons, on Sab- 
batical at: Rockefeller University, 1230 
York Ave., New York, NY 10021, 212- 
360-1977" 


Chanock, Dr. Robert M., Chief, Laboratory 
of Infectious Diseases, National Institute 
of Allergy and Infectious Diseases, Nation- 
al Institutes of Health, Bethesda, Md. 
20014, 301-496-2024. 


Choppin, Dr. Purnell W., Department of 
Viral and Internal Medicine, Rockefeller 
University, New York, N.Y. 10021, 212- 
360-1675. 

Cohn, Dr. Zanvil A., Laboratory of Cellular 
Physiology and Immunology, Rockefeller 
University, New York, N.Y. 10021, 212- 
360-1197. 

Goodman, Dr. Robert M., Department of 
Plant Pathology, University of Illinois, 
Urbana, Ill. 61801, 217-333-6606. 

Horstmann, Dr. Dorothy M., Department of 
Epidemiology, Yale University School of 
Medicine, New Haven, Conn. 06510, 203- 
436-4693. 

Joklik, Dr. Wolfgang K., Department of Mi- 
crobiology and Immunology, Duke Unver- 
sity Medical Center, Durham, N.C. 27706, 
919-684-5138. 

Martin, Dr. Malcolm A., Laboratory of Biol- 
ogy of Viruses, National Institute of Aller- 
gy and Infectious Diseases, National Insti- 
tutes of Health, Bethesda, Md. 20014, 301- 
496-2613. 

Moss, Dr. Bernard, Laboratory of Biology of 
Viruses, National Institute of Allergy and 
Infectious Diseases, National Institutes of 
Health, Bethesda, Md. 20014, 301-496- 
3654. 

Nathans, Dr. Daniel, Department of Micro- 
bioligy, The Johns Hopkins University 
School of Medicine, Baltimore, Md. 21205, 
301-955-3652. 
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Purchase, Dr. H. Graham, National Pro- 
gram Staff-SEA BARC West, U.S. Depart- 
ment of Agriculture, Beltsville, Md. 20705, 
301-344-2716. 

Rapp, Dr. Fred, Department of Microbiolo- 
gy, The Milton S. Hershey Medical 
Center, The Pennsylvania State Universi- 
ty, Hershey, Pa. 17033, 717-534-8521. 

Rowe, Dr. Wallace P., Laboratory of Viral 
Diseases, National Institute of Allergy and 
Infectious Diseases, National Institutes of 
Health, Bethesda, Md. 20014, 301-496- 
2613. 

Scolnick, Dr. Edward M., Laboratory of 
Tumor Virus Genetics, National Cancer 
Institute, National Institutes of Health, 
Bethesda, Md. 20014, 301-496-9211. 

Shepherd, Dr. Robert J., Department of 
Plant Pathology, University of California, 
Davis, Calif. 95616, 916-752-0326. 

Shope, Dr. Robert E., Department of Epide- 
miology and Public Health, Yale Arbo- 
virus Research Unit, Yale University, New 
Haven, Ct. 06510, 203-436-3597. 

Summers, Dr. Max D., Department of Ento- 
mology, Texan A & M College, College 
Station, Tex. 77843, 713-845-6336. 

Wagener, Dr. Robert R., Department of Mi- 
crobiology, University of Virginia, Char- 
lottesville, Va. 22901, 804-924-5111. 

Zaitlin, Dr. Milton, Department of Plant Pa- 
thology, Cornell University, Ithaca, N.Y. 
14853, 607-256-3105. 
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(1) Viruses of Eukaryotes. 

(a) DNA viruses. 

1. Nontransforming viruses. 

(a) Adeno-associated viruses, minute 
virus of mice, and mouse adenovirus 
strain FL.—P1 physical containment 
including no mouth pipetting + an 
EK1 host-vector shall be used for DNA 
recombinants produced with the 
whole genome, subgenomic DNA seg- 
ments, or CDNA copies of cellular 
mRNA.* 

(b) Other viruses. 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 
host-vector shall be used for DNA re- 
combinants produced -with purified 
subgenamic segments or cDNA copies 
of cellular mRNA.* 

(ii) Pl physical containment includ- 
ing no mouth pipetting + an EK1 host 
vector, which, in the case of a plasmid, 
must be non-mobilizable shall be used 
for DNA recombinants produced with 
the whole genome. 

2. Transforming viruses. 

(a) Herpes saimiri and herpes ateles. 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 host 
vector shall be used for DNA recom- 
binants produced with purified non- 
transforming subgenomic DNA seg- 
ments or cDNA copies of cellular 
mRNA.* 

(ii) P2 physical containment + an 
EK1 host vector which, in the case of 
a plasmid, must be non-mobilizable, 
shall be used for DNA recombinants 
produced with purified subgenomic 
DNA segments containing an entire 
transforming gene. 

(iii) P3 physical containment + an 
EK1 host-vector or P2 + EK2 shall be 
used for DNA recombinants produced 
with the whole genome. 

(b) Other viruses. 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 
host-vector shall be used for DNA re- 
combinants produced with purified 
non-transforming subgenomic DNA 
segments or CDNA copies of cellular 
mRNA.* 

(ii) P2 physical containment + an 
EK1 host-vector which, in the case of 
a plasmid, must be non-mobilizable, 
shall be used for DNA recombinants 
produced with the whole genome or 
purified subgenomic DNA segments 
containing an entire transforming 
gene. 

(b) RNA viruses. 

1. Retroviruses. 

(a) Gibbon ape and woolly monkey 
viruses. 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 
host-vector shall be used for DNA re- 
combinants produced with purified 
non-transforming subgenomic DNA 
segments. 

(ii) P2 physical containment + an 
EK1 host-vector which, in the case of 
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a plasmid, must be non-mobilizable, 
shall be used for DNA recombinants 
produced with purified subgenomic 
DNA segments containing an entire 
transforming gene or cDNA copies of 
cellular mRNA.* 

(iii) P2 physical containment + an 
EK2 host-vector shall be used for DNA 
recombinants produced with the 
whole genome. 

(6) Other viruses 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 
host-vector shall be used for DNA re- 
combinants produced with purified 
non-transforming subgenomic DNA 
segments. 

(ii) P2 physical containment + an 
EK1 host-vector which, in the case of 
a plasmid, must be non-mobilizable, 
shall be used for DNA recombinants 
produced with purified subgenomic 
DNA segments containing an entire 
transforming gene, the whole genome, 
or cDNA copies of cellular mRNA.* 

2. Negative strand viruses.—P1 phys- 
ical containment including no mouth 
pipetting + an EK1 host-vector shall 
be used for DNA recombinants pro- 
duced with the whole genome, subgen- 
omic DNa segments or purified cDNA 
copies of cellular mRNA.* 

3. Plus-strand RNA viruses. 

(a) Types 1 and 2 Sabin poliovirus 
and strain 17D (Theiler) of yellow 
Sever virus.—P1 physical containment 
including no mouth pipetting + an 
EK1 host-vector shall be used for DNA 
recombinants produced with the 
whole genome, subgenomic DNA seg- 
ments or purified cDNA copies of cel- 
lular mRNA.* 

(b) Other viruses 

(i) Pl physical containment includ- 
ing no mouth pipetting + an EK1 
host-vector shall be used for DNA re- 
combinants produced with purified 
subgenomic DNA segments. 

(ii) P2 physical containment + an 
EK1 host-vector which, in the cse of a 
plasmid, must be nonmobilizable, shall 
be used for DNA recombinants pro- 
duced with the whole genome or puri- 
fied cDNA copies of cellular mRNA.* 

4. Double-stranded segmented RNA 
viruses.—P1 physical containment in- 
cluding no mouth pipetting + an EK1 
host vector shall be used for DNA re- 
combinants produced with mixtures of 
subgenomic segments, a specific sub- 
genomic segment, or purified cDNA 
copies of cellular mRNA.* 

5. Viroids.—P1 physical containment 
including no mouth pipetting + an 
EK1 host-vector shall be used for DNA 
recombinants produced with the 
whole genome, subgenomic DNA seg- 
ments or cDNA copies af cellular 
mRNA.* 


*The cDNA copy of cellular mRNA must 
be 99 percent pure; otherwise, physical and 
biological containment specified for shotgun 
experiments involving uninfected eukaryo- 
tic cellular DNA [sec. B.1.a.(1)] shall be 
used. 


(c) Intracellular viral DNA.—Physi- 
cal and biological containment speci- 
fied for shotgun experiments involving 
uninfected eukaryotic cellular DNA 
{sec. B.1.a.(1)] shall be used for DNA 
recombinants produced with integrat- 
ed viral DNA or viral genomes present 
in infected cells. 

3. Experiments with Eukaryotic 
host-vectors. 

a. Vertebrate host-vector systems.— 
Because this work will be done almost 
exclusively in tissue culture cells, 
which have no capacity for propaga- 
tion outside the laboratory, the prima- 
ry focus for containment is the vector; 
it should be pointed out that risk of 
laboratory acquired infection as a con- 
sequence of tissue culture manipula- 
tions is very low. Given good microbio- 
logical practices, the most likely mode 
of escape of recombinant DNAs from a 
physically contained laboratory is car- 
riage by an infected human; thus the 
vector with an inserted DNA segment 
should have little or no ability to repli- 
cate or spread in humans. Further, a 
recombinant virus should not inad- 
vertently pose a threat to any species. 

For use as a vector in a vertebrate 
host cell system, an animal viral DNA 
molecule should display the following 
properties: 

(a) It should not consist of the whole 
genome of any agent that is infectious 
for humans or that replicates to a sig- 
nificant extent in human cells in 
tissue culture. If the recombinant mol- 
ecule is used to transform non-permis- 
sive cells (i.e. cells which do not pro- 
duce infectious virus particles), this is 
not a requirement. 

(b) It should be derived from a virus 
whose epidemiological behavior and 
host range are well understood. 

(c) In permissive cells, it should be 
defective when carrying an inserted 
DNA segment; (i.e. propagation of the 
recombinant DNA as a virus must be 
dependent upon the presence of a 
complementing helper genome). In 
almost all cases this condition would 
be achieved automatically by the ma- 
nipulations used to construct and 
propagate the recombinants. In addi- 
tion, the amount of DNA encapsidated 
in the particles of most animal viruses 
is defined within fairly close limits. 
The insertion of sizeable foreign DNA 
sequences, therefore, generally de- 
mands a compensatory deletion of 
viral sequences. It may be possible to 
introduce very short insertions (50-100 
base pairs) without rendering the viral 
vector defective. In such a situation, 
the requirement that the viral vector 
be defective is not necessary except in 
those cases in which the inserted DNA 
encodes a biologically active polypep- 
tide. 

It is desired but not required that 
the functional anatomy of the vector 
be known—that is, there should be a 
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clear idea of the location within the 
molecule of: 

(a) The sites at which DNA synthe- 
sis originates and terminates. 

(b) The sites that are cleaved by re- 
striction endonucleases. 

(c) The template regions for the 
major gene products. 

If possible the helper virus genome 
should: 

(i) Be integrated into the genome of 
a stable line of host cells (a situation 
that would effectively limit the 
growth of the vector recombinant to 
such cell lines), or 

(ii) Consist of a defective genome, or 
an appropriate conditional lethal 
mutant virus, making vector and 
helper dependent upon each other for 
propagation. 

However, neither of these stipula- 
tions is a requirement. 

_(1) Polyoma virus. 

(a) Productive virus-cell interac- 
tions. 

1. Defective or intact polyoma virus 
genomes, with appropriate helper, if 
necessary, can be used in P2 conditions 
to propagate DNA sequences from: 

(a) Bacteria of class 1 or class 2 (see 
appendix B), or their phages or plas- 
mids, except for species of bacteria 
that produce potent polypeptide 
toxins. 

(b) From mice. 

(c) From other eukaryotic organisms 
that do not produce potent polypep- 
tide toxins, provided the DNA segment 
is purified. 

2. Defective or intact virus genomes 
with appropriate helper, if necessary, 
can be used in P3 conditions for shot- 
gun experiments to propagate DNA se- 
quences from eukaryotic organisms, 
provided the DNA is obtained from 
uninfected cells such as embryonic or 
tissue culture cells. 

3. Experiments involving the use of 
defective polyoma virus genomes to 
propagate DNA sequences from eukar- 
yotic viruses will be evaluated by the 
Recombinant DNA Molecule Program 
Advisory Committee on a case-by-case 
basis and will be conducted under 
physical containment conditions rec- 
ommended by that committee. 

(b) Non-productive virus-cell inter- 
actions.—Defective or intact polyoma 
virus genomes can be used as vectors 
in P2 conditions to transform nonper- 
missive cells in culture. 

(2) Simian virus 40. 

(a) Productive  virus-cell 
tions. 

1. SV40 DNA, rendered uncondition- 
ally defective by a deletion in an es- 
sential gene, with appropriate helper, 
if necessary, can be used in P2 condi- 
tions to propagate DNA sequences 
from: 

(a) Bacteria of class 1 or class 2 (see 
appendix B), or their phages or plas- 
mids, except for species of bacteria 


interac- 
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that produce 
toxins. 

(6) Uninfected 
monkey kidney cells. 

2. SV40 DNA, rendered uncondition- 
ally defective by a deletion in an es- 
sential gene, with an appropriate 
helper, if necessary, can be used in P3 
conditions to propagate DNA se- 
quences from eukaryotic organisms 
(shotgun experiments or purified 
DNA) provided the DNA is obtained 
from uninfected cells such as embry- 
onic or tissue culture cells. 

3. Experiments involving the use of 
defective SV40 genomes to propagate 
DNA sequences from eukaryotic vir- 
uses will be evaluated by the Recom- 
binant DNA Molecular Program Advi- 
sory Committee on a case-by-case basis 
and will be conducted under physical 
containment conditions recommended 
by that committee. 

(b) Non-productive virus-cell inter- 
actions.—Defective or intact SV40 gen- 
omes can be used as vectors in P2 con- 
ditions to transform nonpermissive 
cells in culture. 

(3) Human adenoviruses 2 and 5. 

(a) Productive virus-cell interac- 
tions. 

1. Human adenoviruses 2 and 5, ren- 
dered unconditionally defective by de- 
letion of at least 2 capsid genes, with 
appropriate helper(s), if necessary, can 
be used in P3 conditions to propagate 
DNA sequences from: 

(a) Bacteria of class 1 or class 2 (see 
appendix B) or their phages or plas- 
mids except for species of bacteria 
that produce potent polypeptide 
toxins. 

(6) Eukaryotic organisms (shotgun 
experiments or purified DNA) pro- 
vided the DNA is obtained from unin- 


potent polypeptide 


African green 


‘fected cells such as embryonic or 


tissue culture cells. 

2. Experiments involving the use of 
unconditionally defective human Ad 2 
and 5 genomes to propagate DNA se- 
quences from eukaryotic viruses will 
be evaluated by the Recombinant 
DNA Molecule Program Advisory 
Committee on a case-by-case basis and 
will be conducted under physical con- 
tainment conditions recommended by 
that committee. 

(b) Non-productive virus-cell inter- 
actions.—Defective or intact human Ad 
2 and 5 genomes can be used as vectors 
in P2 conditions to transform non-per- 
missive cells in culture. 

(4) Murine adenovirus strain FL. 

(a) Productive virus-cell interac- 
tions. 

1. Unconditionally defective murine 
adenovirus strain, FL genomes, with 
appropriate helper, if necessary, can 
be used in P2 conditions to propagate 
DNA sequences from: 

(a) Bacteria of class 1 or class 2 (see 
appendix B) or their phages or plas- 
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mids except for species of bacteria 
potent polypeptide toxins. 

(ob) Eukaryotic organisms (shotgun 
experiments or purified DNA) pro- 
vided the DNA is obtained from unin- 
fected cells such as embryonic or 
tissue culture cells. 

2. Experiments involving the use of 
intact murine adenovirus strain FL 
genomes to propagate DNA sequences 
from prokaryotic or eukaryotic organ- 
isms will be evaluated by the Recom- 
binant DNA Molecule Program Advi- 
sory Committee on a case-by-case basis 
and will be conducted under physical 
containment conditions recommended 
by that committee. 

3. Experiments involving the use of 
unconditionally defective murine 
adenovirus strain FL genomes to prop- 
agate DNA sequences from eukaryotic 
viruses will be evaluated by the Re- 
combinant DNA Molecule Program 
Advisory Committee on a case-by-case 
basis and will be conducted under 
physical containment conditions rec- 
ommended by that committee. 

(b) Non-productive virus-cell inter- 
actions.—Defective or intact murine 
adenovirus strain FL genomes can be 
used as vectors in P2 conditions to 
transform non-permissive cells in cul- 
ture. 

(5) All other potential viral vectors. 

(a) Experiments involving the use of 
viral DNA vectors consisting of 25 per- 
cent or less of the viral genome shall 
be used: 

1. In P2 conditions to transform non- 
permissive cells in culture. 

2. Under physical containment con- 
ditions to be determined by the Re- 
combinant DNA Molecule Program 
Advisory Committee to propagate 
DNA sequences from prokaryotic or 
eukaryotic organisms. 

(b) Experiments involving the use of 
other intact or defective virus genomes 
to propagate DNA sequences from pro- 
karyotic or eukaryotic organisms (and 
viruses) or as vectors to transform 
non-permissive cells will be evaluated 
by the Recombinant DNA Molecule 
Program Advisory Committee on a 
case-by-case basis and will be conduct- 
ed under physical containment condi- 
tions recommended by that commit- 
tee. 

The Recombinant DNA Molecule 
Program Advisory Committee will also 
review all experiments involving the 
use of virus vectors in animals and the 
physical containment conditions ap- 
propriate for such studies. 

b. Invertebrate host-vector systems 
in which insect viruses are used to 
propagate other DNA segmenis.—As 
soon as information concerning the 
nature of the host range, infectivity, 
persistence and integration in verte- 
brate and invertebrate cells becomes 
available, experiments involving the 
use of baculo-viruses to propagate 
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DNA sequences will be evaluated by 
the Recombinant DNA Molecule Pro- 
gram Advisory Committee on a case- 
by-case basis and will be conducted 
under physical containment conditions 
recommended by the committee. Ex- 
periments should be done in estab- 
lished invertebrate cell lines and 
should follow, where appropriate, cri- 
teria recommended for vertebrate viral 
DNA vectors [Sec. 3.a.(a-c)]. 

c. Plant host-vector systems.—The 
DNA plant viruses which could cur- 
rently serve as vectors for cloning 
genes in plants and plant cell proto- 
plasts are Cauliflower Mosaic Virus 
(CaMV) and its close relatives, which 
have relaxed circular double stranded 
DNA genomes with a molecular weight 
of 4.5x10§ and Bean Golden Mosaic 
Virus (BGMV) and related viruses 
with small (<10° daltons) singled- 
stranded DNA genomes. These viruses 
are not known to integrate into host 
chromosomes, or to incorporate cellu- 
lar genes into their genomes. CaMV is 
spread in nature by aphids, in which it 
survives for a few hours. Spontaneous 
mutants of CaMV that are not trans- 
mitted by aphids arise frequently; 
these mutants fail to make a transmis- 
sion factor essential for aphid trans- 
mission. BGMV is spread in nature by 
whiteflies, in which it survives for sev- 
eral days to three weeks; certain other 
single-stranded DNA plant viruses are 
transmitted by leafhoppers, in which 
the viruses persist for days or weeks. 
Single-stranded DNA plant viruses are 
thought not to replicate in their insect 
vector. 

The DNA plant viruses have narrow 
host ranges and are relatively difficult 
to transmit mechanically to plants. 
For this reason, they are most unlike- 
ly to be accidentally transmitted from 
spillage of purified preparations of the 
virus. 

When these viruses are used as vec- 
tors with intact plants, the plants 
should be grown in either a limited 
access greenhouse or plant growth 
cabinet which is insect-proof, prefer- 
ably with positive air pressure, and in 
which an insect fumigation regime is 
maintained. Soil, plant pots and un- 
wanted infected plant materials 
should be removed from the green- 
house or cabinet in sealed insect proof 
containers and sterilized. It is not nec- 
essary to sterilize run-off water from 
the infected plants as this is not a 
plausible route for secondary infec- 
tion. Infected plant materials to be 
used for further research, which have 
to be removed from the greenhouse or 
cabinet, should be maintained under 
insect proof conditions. These meas- 
ures provide an entirely adequate 
degree of containment and are similar 
to those required in many countries 
for licensed handling of “exotic” plant 
viruses. 


NOTICES 


The viruses or their DNA may also 
be useful as a vector to introduce 
genes into plant protoplasts. The fra- 
gility of plant protoplasts combined 
with the properties of the viruses men- 
tioned above provide adequate safety. 
Since no risk to the environment from 
the use of the DNA plant virus/proto- 
plast system is envisaged, no special 
containment is recommended. 

Experiments involving the use of 
plant virus genomes to propagate DNA 
sequences from eukaryotic viruses will 
be evaluated by the Recombinant 
DNA Molecule Program Advisory 
Committee on a case-by-case basis and 
will be conducted under containment 
conditions recommended by that com- 
mittee. 


APPENDIX G.—REPORT OF A WORKSHOP 
ON RISK ASSESSMENT OF AGRICULTURAL 
PATHOGENS 


_ Conducted by: Recombinant DNA 
Molecule Program Advisory Commit- 
tee. 
Sponsored by: U.S. Department of 
Agriculture, National Science Founda- 
tion, and National Institutes of 
Health, March 20-21, 1978. 
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INTRODUCTION 


An assessment of risk involved in re- 
combinant DNA research on plant and 
insect pathogens necessarily entails 
consideration of different concerns 
than those applied to risk assessment 
of research with pathogens of man 
and animals. This fundamental differ- 
ence provided the basis on which the 
recommendations of our committee 
were formulated. 

There was a consensus amongst the 
committee members that working with 
plant pathogens and baculoviruses in 
recombinant DNA studies presents no 
more hazard than that which exists in 
current laboratory studies with the 
pathogens themselves. It is significant 
that to the best of our knowledge 
there have been no cases recorded in 
which laboratory studies with cultures 
of plant pathogens have resulted in ill- 
ness in man or animals exposed to 
these organisms. Neither is there a do- 
cumented case in which laboratory 
studies with cultures have resulted in 
an escape resulting in an outbreak of 
disease in plants growing under natu- 
ral conditions. 

We believe that any potential risk 
that might arise from studies involv- 
ing plant pathogens is now adequately 


covered by existing federal and state 
quarantine regulations. These have 
evolved to enable government to deal 
with the practicalities of plant disease 
control (Gram, E., 1960, Chapter 9, pp. 
314-356 in “Plant Pathology, An Ad- 
vanced Treatise”, J. G. Horsfall and A. 
E. Dimond, eds., vol. 3, Acad. Press., 
New York). They take precedence over 
any other regulations since they deter- 
mine whether or not an investigator 
has access to a particular pathogen. 

With plants, resistance to disease is 
the rule, susceptibility is the excep- 
tion. Thus, the common occurrence of 
resistance poses an important barrier 
to the successful establishment of po- 
tential pathogens. There is no patho- 
gen that is highly virulent on all plant 
species. Rather, the majority of patho- 
gens are restricted to a relatively small 
number of host plants and within 
these specific susceptible hosts vari- 
etal variation in resistance is usually 
present. Breeding for disease resis- 
tance has provided a means for effect- 
ing relatively rapid changes in varie- 
ties. In the United States today, ap- 
proximately 95 percent of the acreage 
in crops of economic importance is 
planted to varieties that carry resis- 
tance to one or more major diseases. 
This is one of the key factors in the 
productivity of American agriculture. 
Even when a particularly destructive 
new race or strain of a plant pathogen 
arises, it is possible to change the 
available varieties and to reduce or 
minimize the threat within the space 
of two or three years. This was the 
case when a virulent strain of the 
pathogen that causes Helminthospor- 
ium leaf blight spread throughout the 
corn growing area of the United States 
in 1970 and it was necessary to discon- 
tinue the growing of those hybrids 
that carried the factor for male steril- 
ity which also conferred susceptibility 
to the disease (Ullistrup, A. J., 1972, 
Ann. Rev. Phytopath. 10:37-50). 

Virulent plant pathogens commonly 
are contained in nature because for 
their very survival and dissemination 
within a region, or for an epidemic to 
develop, they require specific environ- 
mental factors (Colhoun, J., 1973, 
Ann. Rev. Phytopath. 11:343-364). For 
example, bacterial wilt caused by 
Pseudomonas solanacearum rarely 
occurs north of the Mason-Dixon line. 
The causal bacterium is sensitive to 
low temperatures and has a relatively 
high optimum temperature for 
growth. Even when introduced inad- 
vertently into Northern states it does 
not overwinter in the soil or affect sus- 
ceptible crops the following year 
(Kelman, A., 1953, N. Carolina Agr. 
Exp. Sta. Bull. 99, 194p). 

In considering, hypothetical risks of 
recombinant DNA research on plant 
pathogenic organisms our committee 
considered the following questions: 
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1. Will the introduction of recombin- 
ant DNA from a specific plant patho- 
gen in E. coli K12 lead to the develop- 
ment of strains with enhanced viru- 
lence to man or animals? 

2. Will strains of E. coli be converted 
into plant pathogens? 

3. Will the use of plant pathogens as 
HV systems result in hazards to 
plants? 

With the relatively minor reserva- 
tions. documented below, the commit- 
tee agreed that the answer to all three 
questions was “No”. First we would 
point out that there is no evidence 
that genetic information transferred 
from plant pathogenic organisms 
would enhance the capability of 
strains of Z. coli to harm man, animals 
or plants. There are a very small 
number of possible exceptions to this 
generalization. These include a few 
species of bacteria which have been 
found in association with plants or 
which have been described as weak or 
minor plant pathogens and which may 
be closely related to forms causing dis- 
ease in man. Also, plant pathogens 
such as the ergot fungus, and certain 
molds that produce aflatoxins on 
stored plant products are likely to be 
banned on the grounds that they pro- 
duce potent, albeit non-polypeptide, 
toxins. ; 

Provided that the use of plant path- 
ogens as HV systems is not undertaken 
with the objective of deliberately cre- 
ating forms with increased virulence 
and host range beyond that which 
occurs by natural genetic exchange 
(these are expressly prohibited by the 
guidelines) we see no hazard from 
such systems to plants. 

1. Without dissent, the committee 
agreed on a Classification of plant 
pathogens on the basis of hazard to 
agriculture. 

We have placed all plant pathogens 
into a single class with two subgroups. 
This reflects our opinion that recom- 
binant DNA research with plant path- 
ogens has a negligible risk. The two 
subgroups take account of existing 
federal and state quarantine regula- 
tions. We propose that this classifica- 
tion be appendix C in the guidelines. 


HAZARD CLASSIFICATION OF PLANT 
PATHOGENS 


Class 1A—Plant pathogens not in 
class 1B. 

Class 1B—All organisms that are 
subject to quarantine restrictions for 
any of the following reasons: 

di) Plant pathogens not known to 
occur in the United States. 

(ii) Plant pathogens that are not 
widely distributed throughout the eco- 
logical range of their hosts. 

(iii) Plant pathogens subject to fed- 
eral or state eradication or suppression 
programs. 


NOTICES 


All plant pathogens require state 
and federal (USDA') permits for ship- 
ment across state lines. 

2. Specific recommendations. The 
lack of an accepted definition of ex- 
changers caused us some difficulty in 
our discussions. A majority of the com- 
mittee favor a liberal definition that 
would exclude all gram negative bacte- 
ria from the guidelines. However, since 
this decision has still to be made by 
the RAC and Dr. Fredrickson some of 
our recommendations had to reflect 
two alternatives: (i) On the basis that 
most gram negative forms would be 
excluded we present rationale for in- 
cluding gram negative plant pathogens 
in this exclusion; (ii) on the basis that 
prokaryotic exchangers might be de- 
fined in a less liberal fashion, or that 
there might be a long lag period 
before plant pathologists can present 
evidence satisfying whatever exchange 
criteria are established, we present ra- 
tionale for adopting minimal contain- 
ment levels for all phytopathogenic 
bacteria namely P1+EK2 or P2+EK1. 

III B 1a. Shotgun experiments using 
the E. coli K12 host-vector systems. 

(2) Prokaryotic DNA recombinants. 
(p. 49602 FR 42 No. 187, Sept. 27, 
1977). We propose that the minimum 
containment levels adopted for other 
bacteria be applicable to phytopatho- 
genic bacteria, namely P1+EK2 or 
P2+EK1. 

(i) Modify line 7 to read; “‘biochemi- 
cal, genetic, and/or pathogenic proper- 
ties. 

(ii) Delete the words “and plant 
pathogens” from line 5 of the second 
paragraph. 

Rationale: Plant pathogenic bacteria 
include diverse organisms principally 
in the genera Agrobacterium, Coryne- 
bacterium, Erwinia, Pseudo- monas, 
and Xanthomonas. A number of the 
plant pathogenic species are soil-in- 
habitants and are widely distributed 
throughout the United States. In gen- 
eral they cause economic loss only 
when environmental conditions are fa- 
vorable and available control practices 
are not used. A number of bacteria 
that cause foliage diseases can exist as 
epiphytes on a variety of non-host 
plants as well as on their susceptible 
hosts. Other bacteria such as the 
pathogen that causes halo blight of 
beans are seed-transmitted, do not sur- 
vive in soil for long periods of time 
and can be controlled by the use of 
pathogen-free seed. The mechanisms 
by which plant pathogenic bacteria 
produce disease in plants may involve 
enzymes which attack substrates in 
plants such as pectic compounds. Such 


1Address to obtain application to import 
or move a plant pest or pathogen: Plant Im- 
portation and Technical Support Staff, 
Plant Protection and Quarantine Programs, 
Animal and Plant Health Inspection Serv- 
ice, USDA, Federal Center Building, Hyatts- 
ville, Md. 20782. 


33175 


enzymes would not be harmful to man 
or animals. Similarly certain growth 
promoting compounds and compounds 
that interfere with specific physiologi- 
cal functions in plants, e.g. polysac- 
charides that block movement of 
water, are not known to cause injury 
to man. 

Certain bacteria which are not 
known to cause disease in plants but 
which are commonly present as epi- 
phytes on leaves (Leben, C., 1965 Ann. 
Rev. Phytopath. 3:209-230) have been 
associated with diseases of man, i.e. 
Erwinia herbicola also designated as 
Enterobacter agglomerans (Starr, M. 
P. and Chatterjee, A. R., 1972, Ann. 
Rev. Microbiol. 26:389-426). However, 
there is a diversity of strains that have 
been obtained from plants and there is 
no conclusive evidence that the types 
widespread in plants are the same 
strains associated with certain infec- 
tions in man. 

Similarly it has been reported that a 
bacterium similar to a pathogen of 
onions (Pseudomonas cepacia) has 
been associated with a disease of man 
(Ederer, G. M. & Matsen, J. M., 1972, 
J. Infect. Dis. 125:613-618; Snell, J. J. 
S., Hill, L. R., LaPage, S. P. & Curtis, 
M. A., 1972, Internat. Symp. Systemat. 
may not have useable vectors. 

III.B. 3c. Plant host-vector systems. 
(p. 49603). 

(i) Delete second paragraph. ‘‘Whole 
plants or plant * * * at this time”. 

Rationale: This paragraph is confus- 
ing. Its intent was to define practical 
size or scale limits to physical contain- 
ment rather than limits to biological 
containment. The committee conclud- 
ed that the discussion of physical con- 
tainment in the preceding paragraph 
makes this redundant. 

(ii) Delete last sentence of fourth 
paragraph “However, if the source of 
the DNA is itself pathogenic * * * 
shall be carried out under P3 condi- 
tions” and substitute: “If the vector is 
an unmodified virus the experiments 
shall also be carried out under P2 con- 
ditions”. 

Rationale: This committee has reas- 
sessed the risk to man, animals, and 
plants from plant pathogenic agents. 
In this context we are concerned prin- 
cipally with the risk of DNA from 
plant pathogens to plants. This para- 
graph now reflects our lowered assess- 
ment of these risks. 

(iii) Delete paragraph five. Experi- 
ments on * * * are not met. 

Rationale: As for (ii). 

(iv) Modify final paragraphs to read 
«“* * * nermit a decrease of one step in 
the physical containment to P1.” 

Rationale: The survival of plant pro- 
toplasts (see table 1) and undifferenti- 
ated cultured plant cells outside their 
laboratory environment is zero be- 
cause of their extremely exacting 
growth requirements and fragility. 
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ILD. a. HV-1 (p. 49600). 

This committee proposes that the 
Recombinant Advisory Committee 
consider allowing the construction of 
modified HV-1 systems with conjuga- 
tion proficient plasmids in addition to 
other recombinant molecules of pro- 
karyotic origin under one step higher 
physical containment providing that 
all the DNA segments in the cell are 
derived from organisms which ex- 
change DNA by natural physio-Lower 
Eukaryotes (p. 9601)(e)2. Insert the 
words— 

The remainder of the species in this 
class, including plant pathogenic or 
symbiotic fungi that do not produce 
potent toxins: P2+EK1 or P1+EK2. 

Rationale: There is no demonstrable 
risk either to man or plants from clon- 
ing such DNA in E. coli. Also the pres- 
ent wording which refers to disease 
causing microorganisms could be inter- 
preted to call for an unreasonably 
high containment level for these plant 
pathogens. 

(f) Plants. (p. 49601). Delete the 
words “carries a known pathogenic 
micro-organism or” 

Rationale: The risk to man or plants 
from DNA of a plant pathogen is not 
comparable to the risk of cloning DNA 
which codes for a potent polypeptide 
toxin. We have covered this risk else- 
where. 

II.D. Biological containment—Host 
vector systems. a.2. Other prokaryotes 
(p. 49600). 

We endorse the La Jolla Working 
Group Draft: (Insert ITI-3). “Experi- 
ments that are exempt from these 
guidelines”. In the event that sections 
(iii) and (iv) are not adopted we pro- 
pose the following: 

Self-cloning of bacterial plant patho- 
gens and symbionts: 

(i) The use of an indigenous plasmid 
or bacteriophage shall be exempt from 
the guidelines. 

(ii) The use of a foreign vector (a 
non-indigenous plasmid or _ bacteri- 
ophage) from an organism which ex- 
changes DNA by natural physiological 
processes shall require P2 contain- 
ment. 

Rationale: Many self-cloning experi- 
ments with agriculturally significant 
gram-negative bacteria could be more 
readily and safely carried out by using 
well characterized E. coli plasmid vec- 
tors. Some plants pathogens and sym- 
bionts Bacteriol., 22:-138). Pseudo- 
mondas aeruginosa, a pathogen of man, 
conversely, Has been reported to cause 
a leaf-spot of tobacco but is considered 


NOTICES 


a minor and inconsequential pathogen 
of plants (Cho, J. J., Schroth, M., 
Mason, M N, Komino, S. D. and 
Green, S. K., 1975 Phytopath. 65:425- 
431). These three bacteria should be 
governed by regulations applicable to 
human pathogens. 

In our opinion it is a mistake to 
equate prokaryotic plant pathogens 
with Class 2 human pathogens as is 
done in the revised guidelines. The 
minimum containment level for those 
that have been extensively character- 
ized as to pathogenic and other prop- 
erties should be consistent with that 
adopted for other prokaryotes namely, 
P1+EK2 or P2+EK1. 

III Bib(1)Xd) Viruses of plants (p. 
49602). Change to P2+Ek1 or P1+Ekz2. 

Rationale: Because of their fastidi- 
ous modes of transmission and restric- 
tive host ranges, DNA plant viruses 
were considered to present a minimal 
risk to animals or agriculture when 
used in shotgun experiments with the 
E. coli K-12 host vector systems. 

III B 3b Pesticide baculoviruses (p. 
49603). 

(1) Remove sentences “Two viruses 
are presently registered * * * tussock 
moth”. 

Rationale: Footnote No. 7 in the 
September, 1977, draft describes the 
baculovirus pesticides that have been 
registered to date. The second sen- 
tence of the September, 1977, draft is 
therefore repetitive. Also, it should be 
made clear that any baculovirus that 
is registered by the EPA may be used 
as a vector since EPA registration is an 
ongoing process and other baculovir- 
uses may eventually be registered 
which could be more useful for vector 
work. 

(2) Remove the sentence ‘However, 
much still needs to be learned” and re- 
write the final sentence of first para- 
graph to read “However, information 
is needed on the nature of the host 
range specificity, particularly the in- 
fectivity and persistence of the viral 
DNA in invertebrate and vertebrate 
cell cultures.” 

Rationale: The original sentence, 
“However much still needs to be 
learned,” introduces ambiguity. The 
background information that was 
agreed to be essential in 1977 was in- 
formation on the host specificity, par- 
ticularly infectivity of viral DNA in 
vertebrate cell cultures. 

(3) Substitute for the last paragraph 
in this section: When such background 
information is available, and if it con- 
firms the narrow host range specifici- 
ty, a baculovirus vector may be used 


for cloning DNA segments derived 
from the host insect, from another En- 
vironmental Protection Agency regis- 
tered baculovirus, from an EK1 bacte- 
rium of from DNAs cloned in an EK1 
bacterium (with the exception of any 
cloned DNA derived from an animal 
virus other than an EPA registered ba- 
culovirus), using P2 physical contain- 
ment. Cloning of other classes of DNA 
is not envisioned for the exploratory 
phases of this work, but may be con- 
sidered on a case-by-case basis in the 
future. 

Rationale: The term “EK1 bacte- 
rium” was originally meant to include 
any DNA cloned in an EK1 bacterium, 
not simply E. coli K-12 DNA. Of par- 
ticular interest in this category are Le- 
pidopteran genes already cloned in E. 
coli K-12 such as the B. mori silk gene 
and the chorion genes of A. polyphe- 
mus. Also, it would be of interest to 
extract baculovirus DNA cloned in 
EK1 with a plasmid vector and test in- 
fectivity and/or effects in insect cell 
cultures. Such experimentation is also 
relevant to safety assessment of EK1 
hosts. 

Rationale: The revised guidelines ex- 
plicitly prohibit conjugative plasmids 
and generalized transducing phages in 
EK-1 and HV-1 Systems. It is implicit 
that these elements shall not be intro- 
duced subsequent to cloning. This pre- 
cludes host range tests unless they are 
carried out under more stringent phys- 
ical containment. It also prevents plas- 
mid promoted mobilization to intro- 
duce recombinant molecules ,back to 
the original DNA source organism or 
its mutants. Plant pathogens and Rhi- 
zobia are often non-transformable. 
This will effectively preclude comple- 
mentation tests for traits not ex- 
pressed in the cloning host such as 
plant pathogenicity in EK hosts. In 
effect, this creates a dilemma. In the 
proposed revisions of the drafted 
guidelines self-cloning in plasmids will 
be excluded even though the recom- 
binant DNA can be mobilized out of 
the host strain into other prokaryotes. 
On the other hand, DNA cloned from 
the donor prokaryotes into a different 
recipient prokaryote cannot be mobi- 
lized by a conjugative plasmid back 
into the original donor, despite the 
fact that it is receiving its own DNA 
by this procedure. If the “exchanger” 
list is based on plasmid exchange 
these arguments are irrelevant. 

We have listed in table 2 our sugges- 
tions for prokaryotic exchangers that 
are either plant pathogens or sym- 
bionts (Rhizobium) together with evi- 
dence for such exchange. 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





8261 ‘8% AINE ‘AVGINI—9PL “ON ‘Eb “IOA ‘Ud1SIOIY TV8IGad 


TELT“OLLT “O97 “W'S “FOS “PROV *TIBN D022 (756T) poom “N°A pur “o°y 
Pe2BTpus ETpes uo ButaeT¢ S207eq STTEA Ts s2e21ausZer 03 P®MOCTTS ISitz 3aseTdoI054g 
SST-TST ‘OS “SPE “TT®D “TICKZ (896T) BMTO *y pur ‘zeTT “y'y *°T°O ‘Saoqmey. 
L6-EL7 “ST MMaBIUETE “ToOTSAyg (796T) Booys “gz poe “yz ‘eS sysernj. 

769-629 ‘SS “TOTSs4ua IUPTE (S/6T) wer20L -g°y pue “zr ‘paedeus, 

“UTS Of<$ St Petzd, 

xyE Sat320d on, 

sanoy ¢ Uy ATeIeTdmOD Petade 

S2znoy ZI ut ATeIeTdmo> Petad, 

OLT-T9T “LOT B3IBeTE (2726T) Sod *D pur vg *zzoysei0, 


z 
eo ae a 
F vial a 6 a/2 
>/ OT ; 
cn 8 s/K 
= 07 (s2e3ns 
anoya FA 
a abd st ‘ éyuany 
t 


*unezg, 1 





dyauany 
dyamy 


éyurny 


22/ OT 
z * 
ef 





€T‘6*6T 


(i 4 


got «© 


oT < 
s 
Setztortart 

S27 s°9Tt’s2z°9 mnTqoz fu re 
t ) 


€z oT 


- sBucwoyjueyx 
oT< 
cz‘9z*TT*st F ’ 
8z‘9*ST 
(83847) OB ot< 


€z SbuowoyzueK seuowopnesg 


(sts4T) o8 ot 
L£2°T2*ot's*2's FIo> °F 


« anzqoz tug ot< 


Aa 


sm 


om 


TII-L/S 


Pe I-1/s 


éyumy 
(GUE ESTREETE) 


eTAUTATIOg 


eTxapAtzeg 
(S880 FsUFA) 


er>ByoL 


e>>"qQ0L 


(GASeqeT TUEFIODFR) 


do3 
youEq qeT 
®T732e36un 


attoe 
eTpa828 

aete 
20380 Zz 


vedaoc 


€z 
Tt‘st 


SeucmoysueK 
Seucwopnesg 


TorseUeH WH SY°O 


(peoTwes) 


oT< 


ae8e ZI 


eedncD 


s TOIsTUORH WH S9°O 
LU‘ LTSOTST To) “FT 


« 
sey oT oT sof oT< sz sek 2 /' 
€z 5) 


(erep) vot2ea 
Teasaans 303 
TTea 


° Q ou A < sz on a/o vedno> 


E) wedno> 
(sFsueuys euTTA) 





T sPucuOpnesg Tz) 
Sutata 
- BTUpAIg untae qoeqoisy 


(t@/) 
&a;suep 


@.) satom20y 
ean3ze ~o2hyud 
-39dw9] pe2veasrddne 


Ent Poy eoanog 





a8ueyoxe Teuosowmozy> 


sveZoyzed quetd Tetasz2eq Suowe eZueyoxe 1203 aouUeptAe eTqeTTeay 





TID 





ans 30 
a8ueyoxe prusertd wot22e33  porsed TI9> SUCTITPUOD YIN0ID 





(RL6T ‘OT YAH - OTOSE VO ‘Staeg 
esuUsozTTeD Jo Azzsseatun *AZoToOyIeg IweTY Jo JueBIIedeg 
‘opey “1°29 * YsuzAYyrS “K P 4 “RS “MTT “I-S) 
S1SY1d010¥d INVId 40 VIVO TVAIAENS 


(opey *r *9 4q paezederzd) squotquts pue 





@ @1EVL T Z1gvL 


33178 


REFERENCES 


1. Baraka, M. and Kado, C. I. (1978) Un- 
published data. 

2. Beringer, J. E. (1974) J. Gen. Microbiol. 
84, 188-198. 

3. Beringer, J. E. (1978) Unpublished data. 

4. Beringer, J. E. and Hopwood, D. A. 
(1976) Nature 264: 291-293. 

5. Bogoroditskaya, S. V., Shendrov, V. A., 
and Shevyakova, N. N. (1973) Transfer of 
extrachromosomal resistance to antibiotics 
from Escherichia coli to Erwinia caroto- 
vora f.sp. citrullis by conjugation. Biologi- 
cheskii Naukii 16:110-112. 

6. Boucher, C., Bergeron, B., Barate de 
Bertalmio, M, and Denarie, J. (1977) J. Gen. 
Microbiol. 98, 253-263. 

7. Chatterjee, A. K. and Starr, M. P. 
(1972). J. Bacteriol. 111, 169-176. 

8. Chatterjee, A. K. and Starr, M. P. 
(1972b). Transfer among Erwinia spp. and 
other enterobacteria of antibiotic resistance 
carried on R. factors. J. Bacteriol. 112: 576- 
584. 

9. Chatterjee, A. K. and M. P. Starr 
(1977). Donor strains in Erwinia chrysanth- 
emi, and conjugational transfer of the pec- 
tolytic capacity. Proc. Am. Phytopath. Soc. 
4: 105-106. 

10. Chilton, M. D. Farrand, S. K., Levin, S. 
and Nester, E. W. (1976). Genetics 83, 609- 
618. 

11. Cho, J. J., Panopoulos, N. J. and 
Schroth, M. N. (1975). J. Bacteriol. 122, 192- 
198. 

12. Cole, M. A. and Elkan, G. H. (1973). 
Antimicrob. Agents Chemother. 4, 248-253. 

13. Coplin, D. L. (1978). Phytopathology 
(in press). 

14. Coplin, D. L. and Stetah, T. A. (1976). 
Proc. Am. Phytopath. Soc. 3, 222. 

15. Datta, N. and Hedges, R. W. (1972). J. 
Gen. Microb. 70, 453-460. 

16. Denarie, J., Rosenberg, C., Bergeron, 
B., Boucher, C., Michel, M. and Barate de 
Bertalmio, M. (1977). In DNA insertion ele- 
ments, plasmids and episomes. (A. I. Buk- 
haris, J. A. Shapiro and S. L. Adhya eds.) 
Cold Spring Harbor. 

17. Dixon, R. A., Cannon, F. C. and Kon- 
dorosi, A. (1976). Nature 260: 268-271. 

18. Gibbons, L. N., P. M. Bennett, J. R. 
Saunders, J. Grinsted and Connolly, J. C. 
(1976). J. Bact. 128, 309-316. 

19. Goldberg, R. B., Bender, R. A., and 


NOTICES 


Streicher, S. L. (1974). J. Bacteriology 118, 
810-814. 

20. Hooykaas, P. J. J., Klapwijk, P. M., 
Nuti, M. P., Schilperoort, R. A. and Rorsch, 
A. (1977). J. Gen. Microbiol. 98, 477-485. 

21. Lacy, G. H.. (1978). Genetic studies 
with plasmid RPI in Erwinia chrysanthemi 
strains pathogenic on maize. Phytopatho- 
logy (in press). 

22. Lacy, G. H. and Leary, J. V. (1975). J. 
Gen. Microbiol. 88, 49-57. 

23. Lai, M. T., Panopoulos, N. J. and 
= S. (1977). Phytopathol. 67, 1044- 

24. Meade, H. M. Ph.D. thesis M.I.T. 

25. Meade, H. M. and Signer, E. (1977). 
P.N.AS. 74, 2076. 

26. Message, B., Boucher, C. and P. Bois- 
tard (1975). Ann. de Phytopathol. 7, 95-103. 

27. Panopoulos, N. J. et al. (1978) unpub- 
lished. 

28. Puhler, A. (1976). Dissertation, Univer- 
sity of Erlangen, Nurenburg, 186 pp. 

29. Skotnicki, M. L. and Rolfe, B. G. 
(1978). J. Bact. 133, 518-526. 


RECOMBINANT DNA MOLECULE PROGRAM AD- 
VISORY COMMITTEE, WORKSHOP ON RISK 
ASSESSMENT OF AGRICULTURE PATHOGENS 


National Science Foundation, Conference 
Room 338, 1800 G Street NW., Washing- 
ton, D.C. 20550, March 20-21, 1978, 9 a.m. 


Zaitlin, Dr. Milton (Chairman), Department 
of Plant Pathology, Cornell University, 
Ithaca, N.Y. 14853. 

Day, Dr. Peter A. (Co-Chairman), Connecti- 
cut Agricultural Experiment Station, Post 
Office Box 1106, New Haven, Conn. 06504. 

Ausubel, Dr. Frederick M., Department of 
Biology, Harvard University, Cambridge, 
Mass. 02138. 

Chilton, Dr. Mary D., Department of Micro- 
biology and Immunology, University of 
Washington, Seattle, Wash. 98195. 

Dropkin, Dr. Victor, Department of Plant 
Pathology, University of Missouri, Colum- 
bia, Mo. 65201. 

Giles, Dr. Kenneth L., Department of Ge- 
netics, College of Agriculture, Iowa State 
University, Ames, Iowa 50011. 

Kado, Dr. Clarence I., Department of Plant 
Pathology, University of California, Davis, 
Calif. 95616. 

Kelman, Dr. Arthur, Department of Plant 
Pathology, University of Wisconsin, Madi- 
son, Wis. 53706. 


Millar, Dr. Roy, Department of Plant Pa- 
thology, Cornell University, Ithaca, N.Y. 
14853. 

Miller, Dr. Lois.K., Department of Bacteri- 
ology and Biochemistry, University of 
Idaho, Moscow, Idaho 83843. 

Panopoulos, Dr. Nickolas J., Department of 
Plant Pathology, University of California, 
Berkeley, Calif. 68503. 

Vidaver, Dr. Anne, Department of Plant Pa- 
thology, University of Nebraska, Lincoln, 
Nebr. 68503. 


Liaison Representatives 


Clutter, Dr. Mary E., Program Director, De- 
velopmental Biology, National Science 
Foundation, Washington, D.C. 20550. 

Fulkerson, Dr. John F., SEA-CR Room 441 
West, U.S. Department of Agriculture, 
Washington, D.C. 20250. 

Gartland, Dr. William J., Jr., Director, 
Office of Recombinant DNA Activities, 
NIGMS, National Institutes of Health, 
Bethesda, Md. 20014. 

Grogan, Dr. Clarence, SEA-CR Room 443 
West, U.S. Department of Agriculture, 
Washington, D.C. 20250. 

Kamely, Dr. Daphne, Assistant to the Direc- 
tor, Office of Recombinant DNA Activi- 
ties, NIGMS, National Institutes of 
Health, Bethesda, Md. 20014. 

Schils, Dr. Edward A., APHIS, Veterinary 
Services, Room 318E, Administration 
Building, U.S. Department of Agriculture, 
Washington, D.C. 20250. 

Key, Dr. Joe L., Director, Office of Competi- 
tive Grants, U.S. Department of Agricul- 
ture, Room 129 Commonwealth Building, 
1300 Wilson Boulevard, Arlington, Va. 
22209. * 

Krugman, Dr. Stanley L., Forest Service, 
P.O. Box 2417, U.S. Department of Agri- 
culture, Washington, D.C. 22013. 

Lewis, Dr. Charles, SCA/FR NPS, Room 317 
Building 005, BARC West, U.S. Depart- 
ment of Agriculture, Beltsville, MD. 20705. 

Lewis, Dr. Herman W., Division of Biologi- 
cal and Medical Sciences, National Science 
Foundation, Washington, D.C, 20550. 

Rabson, Dr. Robert, Division of Biomedical 
and Environmental Research, Mail Sta- 
tion E-201, U.S. Department of Energy, 
Washington, D.C. 20545. 

Strobel, Dr. Gary, SEA Room 441 West, 
U.S. Department of Agriculture, Washing- 
ton, D.C. 20250. ; 


{FR Doc. 78-20563 Filed 7-27-78; 8:45 am] 


FEDERAL REGISTER, VOL. 43, NO. 146—FRIDAY, JULY 28, 1978 





